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snaterial, the overall photographic speed of eiectrpgraphic plates made from 

the best of commercially obtainable phötoconductive phoephprs is extremely 

3,0», being of the order of 1AS& or less* These low speeds are evicleht where 

the Carlsph ör Kalmanh method of expostire is used« Such results have been 

confirmed 07 ä variety of electrogräpbic;, sehsitpmetric, and electrical 

ssaasureräents«. More important is the fact that theoretical examination of 

the eiectrographic process using such photo conductive phosphors indicates, 

that only-"kern speeds may be expected<> 

The usual methods of electric treatments initiated by infra-red 

quenching was used in attaining such speed figures«, The evidence indicates 

that the most important requirements for solution in order to meet the 

spacifieatipns of this project are § 

lo A major modification in the sensitive materials,». 

2o A major modification in lighting techniques, 
other than those identified by the names 
Carlson or felmann«, 

3.6 A major modification in the method sf preparing 
the photographic plates«, L 

C$ these, the basic change in sensitive materials is considered the most 

important© 

The photoconductive activity of zinc snl^ide-cädmium stflf ide 

phosphors appears to be greater the greater the cadmium; sulfide< content, and 

th© indication is sharp that phosphoivlike photöconduetors consisting entirely 

of properly doped cadmium sulfide will be more effective than commercially 

available phosphors for photographic purposes by factors which may be in 

order of magnitude« The experimental evidence further indicates that a 

RSSTRISTSD. 
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phosphor which has been made luminescent by use of a substitutional impurity 

ig not .photoeonduetiye •whereas a suMMe phosphor-mad© luminescent by m 

Interstitial impurity is photocpnductive • For the present, copper seems to 

be the, most iii^ortant interstitial impurity of this type» The amounts of 

interetttial impurity needed to yield the best results for photocondUctiye 

purposes is not psc.es sarily the same as that required for best luminescent 

properties« 

Past work has indicated correlations between photographic properties 

and various'pieces, of electrical data» Of thesa, it is now clear that the 

agreement between dielectric constant changes and photographic results is 

fortuitous while the agreement, shown between phptocohductive results and the 

photographic results is probably proper» As a matter of fact? the theory 

indicates that the increase in. dielectric constant exhibited °n illumination 

of an eleotrop,aphi<? plate made of commercially available phosphors is an 

adverse phenomenon with respect to photographic speed and that changes in 

dielectric constant of aero or in the negative direction would be more 

desirable .if possible « 

The normal method of rotation of illumination prior to exposure 

has always been approached in the past from the point of view of emptied 

electron traps j,. that is> infra-red quenchinge If the method of illumination 

iö reversed so, that the sample is flooded with light while in a potential 

fi',sid|, then placed in the däi?k* the current reversed,, and the plate then 

@3spea.ed* a sharp pulse of photocphdüctive current is obtained from commeroiali 

evsilable phosphors which is lQ to 10.0 times greater than the photocondUCtive 

current obtained with the normal method«, This phenomenon has been termed 

^swersal85 and may be repeated indefinitely« It involves initiation from 

ees^letely filled traps» SlSlSB 
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Through use of triggered sweep oöciljographie techniques^, the shape 

of the charging: curves when, ussd, as: är photoconductör under phatp/gräphip   

exposure conditions has been traced under both normal and reversal cönditipnso, 

|?hile these data indicate the possibility for marked improvement in speed 

by using the rise side of the pulse current^ such data also show that the 

rate of light- decay is very large and a highly specialized type, of exposure ., 

will probably be necessary in order to take care Of these short time pulses 

of current«» 

Initial investigations of the theoretical aspects of e^ectrög^aphie 

properties of phosphors and phosphör-~like phötpcönductors have been completed 

and two reports on this* subject are presented as a supplejäent to the present 

report. This theoretical approach indicates that a highly complex situation 

is in process during exposure0   Further^ the theoretical approach indicates 

that the increase in dielectric constant exhibited by phosphors is an; 

adverse phenomenon as far a;s photographic work is concerned and that only 

photoconduqtive and eleetrpmetric changes are important for evaluating the 

photographic process«. The photoconductive and dielectric processes appear 

to act separately a 3n those cases wherö large dielectric changes, are 

accompanied by large photpconductiye changes^ the overall, speed of the 

phosphor is high and it appears that the magnitude Of the photoconductive 

changes are sufficiently large in such cases to mask the dielectric changes 

which are. evident© 

EELeetrometric measurements have been carried out on a variety of 

photographic systems using commercially available phosphors in measurement 

of light and dark decay ratq*«, These results have substantiated some of the 

conclusions which have been reached in the experimental endeavor of iäie early 
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portions of this work? Such coneluäipns deal with the variation in photo- 

.graphic-spaed with- thickness*•amount-of binder, -andr-typer-pf- phosphor, relative " 

to the cadmium sulfide content» Using such decay rate data, comparisons were 

made between the phosphor type plates and the selenium type: plates "with, the 

result that the selenium type plates are roughly 30 times faster than the 

best of the phosphor plates we have made thus, far» These" :r£sult& have been_ 

checked gensitometrically^ A further sharp difference exists between, phosphor 

and selenium type plates«, in the case of selenium <> the charge on the surface 

Of the plate decays rapidly to aero on. exposure, to light,a whereas in the . 

cage of the phosphor plates,, the charge decays fairly rapidly to. some high 

level above ground on exposure to light and appears to remain indefinite^ 

at this high level», The theoretical approach indicates that such a result 

should exist in, view of the» increase in dielectric constant of the phosphor 

systems on exposure to light i#xich in effect- increase the. ability of the 

system to retain, a charge.«,. 

Preliminary tests have been carried out with respect, to. preparation 

of photoconductive films of lead sulfide^ .golias'-niuai and silicon from the 

point of view of obtaining high resistance 0 ,Pü.rther attempts to prepare 

thin films of phosphors by ceramic techniques at elevated temperatures have 

continued,,. 3n view ot other findings from, a. material standpoint, dealing 

chiefly with GdS.^ these excursions into the- field of other types- of phötp~ 

conductive ^sterns haVe. been drQpped^ 

Probably' the most important finding in connection with the, work 

done during this quarter is the relation between cadmium sulfide content of 

the phosphor ana. photographic speeds in which the higher the cadmium sulfide 

content the higher the speed» Since the compositions, of most phosphors are 
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sulfids«    Cädmioitt sulfide öf ^ictoOTm^,pupity_wa? obtained from a variety of 

sources and toward the; end. of the .present quarter.., samples of luminescent 

free cadmium sulfide -was. Obtained from tw§ sourcsss namely ;§vlvania and EGA* 

At- the same tiras^ luminescent, free zinc selehide has been included in the 

programc   tfsing stich K^,terials,Ä photoconductors, having light^dark ratios of 

as high as 1QÖQ. to 1 have been made? but up to the present^ the dark resistance 

of such photocqpdügtiye. systems is still too high toy a factor Of 10 to make 

them useful for photographic purposes:»    The primary effort in this connection 

is the,reduction of the dark resistaijc© to a suitable level« 

A new phosphorescent system has been included in the investigation 

•?jhich is entirely outside of the field of the type, emphasized :so far.    This 
(   :• ' '    ' •-.'•'• ... . '     ;"  " 

system is fluorescent glass -which has been chosen, chiefly because Of the 

extremely high dark resistance., it exhibits,   It. involves thg preparation of 

fluorescent glass by electrolytic transfer of silver ions into the glass 

structure •   Ihen properly prepared,,,, such a phosphor glows bright yellow under 

ultra-violet light„ - - V 

Recapitulatingsthe various divisions of e^.erimental endeavor "which hayeT 

been engaged in during the present report period 'may be listed as follows ? 

1?   Development of a highly sensitive photoconducidve ceil for 

; measurement purposes.«, 

2«   DeterMnation of the effect, of plate thickness and amount of 

binder on photographic speed«. 

3c    The determination of variations in degree of photoconductivity 

/ as a result in variation of the spectral range of the light used for 

illumination purposes c RESTRICTED 
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lit, ?he laboratory synthesis of photpcpnduetpr3s photoconductive 

-phosphor-s?~Jahd
;.,ph0t0^^ 

£e Modification of the base phosphor to improve the degree of 

p^hotocpnductiyity-^ .      , .     ./ '_'. -. .* • '_" ' 

6 c Preparation, of incompletephosphors« 

7«^ initiation, of exposure from the point of view of filled 

electron traps rather than empty; traps, the process being termed ^reversal?1 

üi this report« • ,,;'- 

8« jhe; extermination of the shape of the charging curves of the 

phptoepnduptive phosphor under a variety of light conditions using triggered 

«peep >ps.ci3Jiog;raphic, techniques-. ' 

<?«, development of techniques for preparing plates by high speed 

spinning«» 

IQO SJIfie analytical determination that the photographic speed of a 

phosphor 'was proportional to the. cadmium sulfide Content«, 

llo She finding that interstitial impurities such as eppjer are 

rnpre important for developing photoconductivity than substitutional impurities,9 

32«,. 'Electron»trie measurementt identify inherent defects present 

in the light and »dark decay curves -when compared with selenium plates« 

13* Sensitoraetric data further substantiate the low spaed of 

phosphor type plates;«.-. 

Hj.« Cadmium sulfide, photoconductive systems and modifications* 

'55'« An» exhaustive, theoretical investigation for defining, pany of 

the findings of experimental endeavor« the theoretical investigation contains 

some hints 'with respect to improvement of the photographic properties of the 

phosphor-like systemsa 
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Photocondüctive Cell, Designs After considerable experimentations 

a cell design of high sensitivity was evolved» The front surface of the 

metal, backed phosphor plate was fitted with a salver screen, having roughly 

10 noshes to the. inch and tv - conducting lines were about one millimeter in 

widthö The total exposed cell area is 3 sq0 in0. The silver electrodes; 

were made through, use of ä ffc^ont squeegee silver applied as a paint to a 

silk screen,», This- method of cell preparation has the advantage that the 

resin bonded silver is viscous and consequently > does not penetrate a :mir?ute 

hole,, In this way5. the shorting defect encountered in other methods of 

preparation such as evaporation; is generally bypassed,, 

Sonsiderably larger changes in capacity and photoconductivity were 

available from this design indicating that the cell was roughly 20 times 

äs sensitive äs the design described for the same device in the Second 

.Quarterly Report& 

Technique of Measurement and, Uluminati on &    Two general methods 

of masuremeht aiid illumination were usedo The first is. the same as. that 

previously established^ namely» the specimen was first quenched in ihfra~>reil.,. 

then placed in darkness^ and finally ejscposfd to lighto Capaaitative and 

photocohductive data were taken. ±n each casep. Under these conditions? a 

value, of photocondüctive current- of the. order of 1 tö 10 x ICH9 aagjeres. is 

obtained on steady illumihation-o In the second method of meäs.ureiqsntj, the 

voltage is maintained across the photoconductor and while in this condition^ 

the photoconductor is flooded with bright light and while the current is still 

onft the light is shut off and the specimen kept in darknesss !8fter thisa the 
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current is reversed and the surface again exposed to light« tinder these 

----._.- — » - —;- cOHdiiJipns^, -a -shairp-püiss -of photöconductiVe curxentr is • ©xl^hited by the 

device in a reverse direction to that originally showhj, hut of a value 

10 to, 100 times greater than the current first obtained-« This behavior can, 

be repeated indefinitely if the same rotation of treatment is observed, and 

operates from the point of view Of initiating ej^osure w*th filled electron 

traps rather than empty«, The photoeurreht is in the form of ä sharp time 

pulse of duration such that it is obvious that ordinary meters, cannot follow 

the cycle* - -•".'• 

Mount of. binders The amount of silicons bonding resin was- varied 

from $£$> by volume to $% by volume 6 The thickness of ä particular phosphor 

was varied through the use of doctor knives at a binder intent of $$%« 

Plate, Preparation Using .:gpin-on- Techniques The early plates were 

made by flooding on a suspension of phosphor in a Dow Corning No.« ?°6 resin 

dissolved in Solvessö l^O.« With such techniques, it, was difficult to control 

the thickness of the plate from specimen to, specimen and only relatively 

thick plates could be made.» In the spin-on technique^ the brass plate used 

as the backing was fastened to a rotating, table such that the geometrical 

center of the plate was coincident with the center of the rotating table9 

A. measured amount of phosphor dispersion was heaped on this geometrical 

center and the table started spinning; The speed was gradually increased. 

until •*&© phosphor had spread uniformly over the surface of the plate after 

which the speed was increased i», a maximum of roughly 1QQ0 revolutions per 

minute.® With this techniques» plates having a. uniform thickness Of sensitive 

surface of OoOCtL" or less could be made readOy in duplicable fashion» 

NO«>S«H2 IHCOKPCBATED 
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/Spectral •Sonäl^Lvljyg Using the ceil described in this quarterly 

Tepprt^ information, as1 -to spectral sensitivity-and^r^ngs-was -obtai2ijs4-ar4'.'";;.~" 

recorded for most of the phosphors using a Beckman. Model B spectrpphptometer» 

In discussing, tb.e data on spectral sensitivity* it should he remembered 

that the light sources from the Beckiaan sensitpneter produces more, energy. 

in the longer wavelengths than in the shorter wavelengths 90 that if a 

particular phosphor peaks in the violet* an inherently high value of response 

©ay he expected from a photographic point of View« 

Siectrometric.'Mgasurements-a The rate of decay of charge «nder a 

variety of electrical conditions and using various types of plates, was 

measured using ä iinclerman-Byerson Electrometer« Data covering bpth the 

normal and reversal types of illumination, and •under different charging 

cofldiiäohs were taken 6 • 

3n the case of regular curves designated as normal expesurej. the 

plates were first exposed to the infra-red lamp for 30 seconds.« They were 

then charged and allowed to decay in. the. light or in, the dark as the case 

might he«, jh all experiments; involving light decay9< the light source was 

the seiisitometric lamp hurning at a color temperature of 2360® Kelvin and 

an approximate', intensity of hi»$ meter candles« 

The reverse- charging technique was as. follows t 

1 

r» 

infyä~red for 39 seconds. 

2;«,: Place plate under charging grid in the dark 
and apply -the charging"voltage„ 

3o Illuminate with' white light (these are 
fluorescent lamps of about l£fpot candles 
intensity) for 30 seconds» Turn off lights0 

l^o Charge plate with reverse polarity in normal fashion» 

5>0 Allow the plate to decay in light or dark? 
BESTRICTED 
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asnsitog^trya. The speed of various plates -wag measured with a 

sifeep sector type of- sensiitometerv- Ehcsphor;,,- silTQx:.JialId^ and' seleiZLuui •-•;•• 

plates -were measuredt in this way and compared <> 

Triggered Oscillbgraphic Techniques &• A DC amplifier comparable 

to the type np:rmal2y available in ä. miöroaumeter was constructed and built, 

up into a circuit involving the plictoconduptive pell and an oscilloscope 

having a frequency of response in the range of 300,000 inverse, seppnots« The 

oscilloscope 'was placed in the circuit in such a way that the triggered swpep 

would operate and be initiated by the onset of the illumiiiation of the photo- 

conductor« A „long persistence screen having a persistenpe value of 100 

seconds "was used in the scope so that the current~time curves could.be 

traoed directly from the face Pf the cathode ray tube© 

The major difficulty in use of this technique wa3 the devising of 

a proper lighting system of nature such that the rise tips, of the illumination, 

may be considered minor relative to the rise time of the photoconductive 

effect in the phosphor systems,» The solution finally arrived at •was the use 

' of a high speed camera and, Ipns systeiiU The camera used was a geis^ikon, 

ffiaximar Model having a Corapur shutter with an indicated speed of 2j?0 

inverse seconds«, Eor the types of meäöurements taken, the open time of the 

shutter is not important^ but the rise and close timp. of the shutter is« 

The illumihation arrangement used involved placing the camera over a 

shielded box containing the photoconductive cell with the shutter closet,;, 

then turning on a strpng light s- that the light was focused on a. portion of 

the photoconductive cell by the camera lens when the shutter was opened«, The 

entire electrical system was thoroughly shielded to prevent AC pickup, the 

shielding being copper screening» The cathode ray tube was calibrated so 
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that each horizontal 0al,
tt was equivalent to 120 inverse seconds and the 

v#i*tieairs>aT6^ '" 

range of the oscilloscope was equivalent to 1 x 1Ö"9 amperes® Current 

sweeps of several fnmcirecF inches were possibly. 

The action of the shutter was checked through use of ä gas filled 

photocell having a frequency of response greater than 100 inverse seconds» 

The method of procedure in measuring current versus time curves 

pf the various phosphors is as follows g The camera is removed from the 

face of the shielded box cphtainihg the photpconductor and the photpcönductpr 

was quenph«d in the infra-red without the application of voltage • i?hile 3*311 

exposed to ihf ra^redj, the phot6condUctor was placed in the hplder and the 

camera positioned in proper place wer the cell« Forty-five vclt3 are theft 

applied tp the photocell in a directiph through the film© The light is? 

turned on and after a period of 10 to l£ seconds^ the shutter is, then 

actuated on a fixed time period8 Triggering is accomplished by simultaneous 

connections: to the shutter and scope« The Synchronisation obtained waä 

better than 1 millisecond <> The curve traced on the scope obtained in this 

manner is designated as the "normal curve% After this normal curve was 

tracedj the camera is again removed from on top the photocell and the voltage 

is still maintained' in the original direction» The cell is flooded with 

strong light for atoout a minute« The light is turned off and the battery, 

leads are reversed* The camera is placed ih positipn and the cell is again 

illuminated as before0 In this ease5 a sharp pulse of current is obtained 

in the opposite direction which is considerably greater in magnitude than 

the original normal current«, This sharp pulse obtained after flooding with 

white light is termed the ^reversed current"© 
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It should be emphasised that the procedure -Just described must 

be designated as qualitative since the Mght- sources used did not fill the 

aperture of the lens with the result that less than I/Sth of the available 

surface of the phptoconductor was illundiiated> Tims, was hot available for 

building a rigid system including illumination such that the entire surf&pe 

of the photocell could bö treated with light in a perfectly uniform manner 

over the entire surface» It is important to note, however, that even though 

qualitative> the procedure provided useful äjaföinaätion«, 

The results indicate the rise tin© of charge of the phosphor, the 

nature of the behavior of the charge on illumination,, and aisp provide some 

idea of speed by-determination of area under the charge-tin© curves6 Two 

shutter openings were used during the course of the. work y the first being 

200 inverse seconds and the second being $ inverse seconds« the full rise 

time to saturation of all the. phosphors seldom exceeds a value of 120 to 

l£Q. inverse seconds and for the most part is pf the order of 1$ to 60» For 

th3 s reason, the data obtained with a shutter speed Pf f> inverse seconds 

is of more value than. that, developed with a shutter speed of 20Ö inverse- 

seconds«, 

B«. PREPARATION OF MATERIAL - 

In spite of broad variations of experimental technique, speed 

measurements have shown that even the best of the cpjjmiercialjy available 

phosphors are very slow devices from a photographic point of view when used 

in electrography., For this reason, it was recognized that phosphor type* 

materials and other phot©conductive systems would have to be synthesized in 

the laboratory or presently available phosphors would have to be so modified 
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as to improve their photoconductiye propsrties e fbg®riments were thus 

initiated,.in-.s;|nth©sis...and„,m<^i^^ .——• - - ••=- - —-—- 

The phosphor manufacturing process Is known to he a highly 

delicate process which normally can be carried,, out only in exceptionally 

clean laboratories« Preliminary tests on the doping of chemically pure 

zinc sulfide establish the_ fact that & good grade of luminescent, phosphors 

could be made in our laboratories and that doping; results could be, counted 

on« 

Synthesis thus proceeded in these directions? 

1$ Inaiysis- of existing phosphor type photoconductive systems 

for purposes of correlation of composition with photographic properties« 

2g   Modification of conperciäliy available phosphors and phosphor 

base materials through doping procedures«, 

3» Preparation of incomplete phosphors or photoconductive systems 

in which the luminescent properties are ignored«, 

li» Treatment of cadmium sülfide in order to provide the. best 

photcccnductive properties,*, 

The work was initiated by subjecting luminescent free grades of 

zinc oxide and zinc sulfide to various treatments at various temperatures 

and in various atmospheres,. The purpose, of this work was to develop 

techniques in preparation for improvement of photoconductive properties«, 

Zinc oxide was calcined in air5 in a slightly reducing a-teaospherea and in 

hydrogen at temperatures varying from 180Q°F up to Z&OSff.?.   Zinc sulfide 

was calcined, in nitrogen and in hydrogen sulfide. at temperature^ varying 

from 1800* to 26Ö0°Fo These calcinations were carried out in electrically 

heated tube furnaces using zircon trays as the carrying medium» 2h the case 
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of zinc oxide calcined in air, these were quenshed frpm the top calcination. 

"temj^ra^  

these were cooled to room temperature after calcination while still maintaining 

the specialized atmospheres« 

The products resulting from these various calcinations were baked 

onto brass plates and tfte phötocohdüctive properties measured«. 
1 •  - 

The base materials used in the doping experiments were of three 

general types'.s (a), luminescent free pare zinc sulfide 

•(b) commercial cadmium sulfide of indeterminate composition 

(c) phosphor No« 222£„ 

In the first group of doping experiments, copper chloride was 

used as the purity agents and in the second group,.'silver nitrate was the 

activating impurity. Two solutions were prepared in distilled water, one 

solution having a concentration ,0f either one milligram of copper chloride 

per cc of water or one milligram of -silver nitrate per cc of water and the 

second having a concentration of Ool milligrams Of the respective reagent per 

cc of water« Adequate mixing of this, amount of doping agent was assured by 

first preparing a fairly thick but easily stirable slurry of the base 

sulfide ingredient in water« The water was first placed in a porcelain 

evaporating dish and the designated amount of doping agent added and 

stirred in«, To this extremely dilute solution of doping agent, a designated 

amount of the Various sllfide materials: was added and the, slurry obtained 

•was stirred thoroughly«, The slurry was then evaporated, rapidly to diyhess 

in a clean drier» The dried cake was removed from the evaporating dish 

and ground gently in the glass mortar to further insure complete mixing* The 

batch was then placed in a clean porcelain crucible and a cover placed oh«, 
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lh the first group of doping experimental the crucible and contents 

were heated at •"$ temperature "of ^GO-C-^för pnei^aEV "3n^0rsövOixd.s^w «^: ' 

doping experiments^ six grams of sodium chloride waö added per 1@Q grams of 

base mix and the hatch was then heated for one hour at 9§§eG in an atmosphere 

of nitrogen^ After the heat treatment, the furnace was» copied as rapidly 

äs possible to oOG^G and the prepared material was removed from the furnace 

and quenched in air,0 The contents of the crucible were leached with, distilled 

water and Washed thoroughly oh the filter to remove all sodium chloride• 

The filter cake was dried and the powder resulting was presented to the 

Physics taboratoiy for preparation of photocphduotive plates« These doping 

esperiaients were effective in that in some cases sn improvement in the 

photp(?pnductiVe activity of the original material was obtained«» 

The. inferences from the experimental data, are that in all probability 

relatively pure cadmium sulfide is, the best material thus far found for the 

purposes of this, project» Samples of allegedly pure cadmium sulfide have 

been, obtained from» the Baker Chemical Cpa5 the ferro. Enamel Gprpo,* the, Harshaw 

Chemical Co*, and fisher gcientifico In addition, by special arrangement^ 

substantial quantities of luminescence pure cadmium sulf ide; of unactivated 

type has been obtained from the RCA Manufacturing Cp„ and frPm the fiäylvaniä) 

Electric Products3 Sxc, Further, a sample of silver activated cadmium sulfide 

has also been investigated <, IO,tra~pure sine selenide has been included in 

the program^ 

Considerable difficulty had beeft experienced in obtaining the . 

proper purity cadmium sulfide for the purposes of this project and it is 

only recently that this grade of chemical has been placed in experimental 

treatment«, In %*iew of the delay that was anticipated,, work was initiated 
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in preparation of luminespence pure cadmium sulfide through use of the 

'Si^renX~'''sc^ teasäÄÄ'^i|fiäl"li5~ 

now available tc us* these attempts at synthesizing cheudcally pure cadmium 

sulfide .have ceased« 

Modification of the cadmium sulfide for photoconductive purposes; 

has followed many lines« In those cases; where öadmium sulfide of purportedlT 

pure grade was used äs the. "base' material^ this ;g?ad© was aitrays the Har.shaw 

' feme ma?teriali We have found recently by spectrögraphic analysis that this 

type of ejadmium sulfide is anything but pure fpr the purposes' of this 

project« The cadmium sulfide was treated as described previously by doping 

with copper and silver« in addition, cadmijbuzi metal, coated brass plates were 

dipped and soaked in molten sulfur for periods up to two hours« Any excess 

sulfur remaining on tine film was dissolved off with carbon disulfide» 2n 

another group of experiment s$ ,10$ sodium sulfide was added to molten sulfur 

and the dipping experiments just described were repeated«, Further^ , a £($£ 

solution of sodium sulfide was made, up« .Plates of cadmium coated, brags 

were boiled in the solution for periods of 36 pa^oites up to. six hpurs« KText 

plates consisting of cadmium coated brass- were, heated in hydrogen sulfide« 

Since cadmium melts at 320°C5 it was found necassaiy to keep the temperature 

below this and a. temperature of 2i>C-**C was found to be the best range for 

formation of a film of cadmium sulfide© Since- brass was sharply affected by 

the hydrogen .sulfide,,, cadmium, c.oated stainless steel plates made by evaporative 

techniques were used« Cadmium sulfide was formed but a completely satisfactory 

film was not obtained^, in that pinholes always showed up« The amount of the 

deposited cadmium sulfide is determined hj the thickness of the evaporated 

coat of cadmium on the base material 0 The best film was obtained by 
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treatment at 2.£o°C for four hours using a hydrogen sulfide gas flow of 

r^Q^cc^psr'Tatoute^''^---——--— <- —.-r *—--—-—••------—--—..-.—-r-T~  «~„„-»^~, 

Cadmium sulf ide plates were made by evaporation, of cadmium sulf ide 

onto fcrass* Though clear transparent films were obtained by this, techMque^. 

the resistance was too low for such films; to take ä chargeo 

3n •view of the present availability of luminescence free cadmium 

sulfide, the major effort ±s- being based on such material and some Q£' the 

earlier experiments will be repeated«. In addition, a method for forming, 

cadmium sulf ide involving electrolysis is being examined« 

Other; ffhotOconduetorsg' lead sulf ide is known te be, a po^rfui 

phötöcpiidüctör and in earlier reports a method was described for chemical 

deposition of lead sulfide through the medium of mixing lead salts* thiourea$ 

and caustic 9   The deposited mirrors were found not 
fLo be effective f fer 

eiectrography purposes since thesir resistance was too lowe Consequently^ 

such lead sulfides surfaces were subjected to- a variety of heat treatments 

in an attempt to raise the resistance to a suitable value,«. The end to end 

resistance of an untreated lead sulfide film deposited for a period; of 16 

minutes using the concentration of i-igredients listed in previous reports 

was of the order of 063,x 10
6 ohms« The various'treatments to which lead 

sulfide was subjected were the followings heating in air at temperatures 

up to Spp®G for periods of half an hour9 heating in hydrogen up to temperatures 

of 000*0, for periods, of one hours in nitrogen up to S>0Q®G for periods, of 

one hour,, ±& hydrogen sulfide up to 750°C for one hour^ in carbon dioxide 

up to T$0eoQ for one hour., in combinations of carbon bisulfide and sulfur $ 

in combinations of carbon bisulfide and G02;c Of alX these treatments^ 

treatment af nitrogen at 300°G and hydrogen at the same temperature for 
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periods of about one hour was the most effective, values of -Sie order of. 

"3rW;9'xlÖ\'Öhiöö: b£ihg öb'täifiedö This ifälüer öf'^eiiätäööl/iä" ätill' hot" 

sufficient for eiectrpgraphic purposes and in view öf the importance of 

other photo conductive systems, these experiments have now been abandoned« 

Germanium arid silicon "were .evaporated on brass using VaicuujÄ     . , 

evaporation techniques» The purpose in using these materials .is. the fact, 

that both, substances are known to be photpconduotors and when applied fey. 

evaporation techniques , they are resistors e, However, even when apjp3,ied- 

relatively thickly, the resistance was found to be too low for eleötrographic 

purposes. Again in view of the promise exhibited by eadmium. sulfide,. this; 

experimental approach is being abandoned,, 

An intriguing phosphor system is now being investigated. This 

involves the insertion of colloidal silver into a glass -system». The method 

is as follows s A soft glass thin walled receptacle is provided as ä diaphragm 

in a two part electrolytic cell using fused salt electrolytes« The qathcde. 

compartment consists of a nickel cathode and a fused bath comprised of $6 

parts of potassium nitrate and i\k parts of sodium nitrite., The, anode 

compartment consists of silver nitrate using graphite as. the unattackable 

electrode« Electrolysis is carried out at 35>fl°9 at which all of the salts 

are thin liquids«, Currents of the order of 20 to hO volts are used and the 

electrolysis is continued for periods of one to three hours „ Currents of 

the order of magnitude of 2 to. 10 milliamperes are developed», nrxdjer these 

Conditions, small amounts of colloidal silver are deposited in the glass . 

structure itself and after cooling and washing^ the areas of silver deposition 

are found to fluoresce strongly when exposed to ultra-violet light«, The 

purpose of examination of this system is the fact that its dark resistance 

is exceptionally high« BBST&ECTKP 

HORIZONS- INCORPORATED 



^^-M«fth-^fayj}»r^a-Aj»fr.^[><M«JLi^li-. 

*- 2£ - - RESTRICTED «wm i •••ffin in IJUIBI 

Go CHEMlOKE ANALYSIS 
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as Obtained from ppmnecpcial suppliers is riot available 0 3ii view of the 

importance of the nature and type, of impurity in. the phosphor with respect 

to its photocpnductive properties, and the desire to determine the effect of 

variation in base composition, some of the phosphors, were analyzed chemically 

to determine at least, qualitatively tfce,nature of the impurities, aid.some 

indication of their amount0 Ihlle the information obtained may be used only 

fpr hypothes/iä purposes since systematic variations are not expected in these 

phosphors, at l^east trends may he shown and these trends may be checked by 

synthesis.» The general procedure used was to dissolve the sulfide phosphor 

in dilute nitric acid, and boil until all odor of hydrogen sulfide was 

^.irainatedo The  presence of silver was determined after the dilution through 

the addition of .hydrochloric acid0. The presence of copper was determined by 

the addition of an excess bf ammonia., filtering', and examining tb.3 depth of blue 

color which developed© The presence of manganese was determined by evaporating 

a portion of the nitrate solution of phosphor to clryhess, then adding sodium 

bismuthate and nitric acid and heating in order to develop the permanganate 

color«. The relative amount of cadmium was determined by inspection since 

this additive deposited a distinct yellow color to the phosphor ? Spectro.graphtc 

analysis of the various materials used in this project is now in progress; and 

some of the preliminary data represent a. verification of the *s* method of 

chemical analysis.,, 

RESULTS AND DISCUSSION ' 

The experimental data obtained are summarized in the tables and 

figures attached« 
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The most important result is the finding- that the overall. speed Q£ 

an electrophotographic' plate mad© from photpconüuctxye phosphors Is extremely 

low in spite of broad variations in. plate preparation technique^ typ% 3nd 

nature, of illumination» These low speeds, have been cheeked, by eleptripal 

meas\utements,Ä. sensitpmetrically^ by comparison with selenium plates of kncwi| 

speed, and substantiated by measurement of decay curves- in both light and dark« 

file speed factor obtained is In- the. neighborhood of 1ASA or less and is 

roughly l/3Qth of a properly made selenium plate „ The charge decay curves 

indicate a phenomeholpgical reason for this broad disparity in speeds« Under 

illumination conditions, the charge on a selenium plate decays rapidly to; 

aerP whereas in the case of the phosphor plate, the charge decays fairly 

rapidly but to a value considerably above ground and maintains this partially 

charged condition indefinitely even on continued illumination«. The theoretical 

treatment provides at least a portion of the reason for the differences show»* 

The majority of the phosphors exhibit a rather sharp increase in dielectric 

constant on illumination which may or may not be a long time phenomenon© Thujs 

the ability of the system to hold a-charge is actually increased und^r such, 

conditions.» If any device is placed in the mechanism which provides for 

leakage of the charge into the base plate, the theory indicates that those 

phosphors which have the largest photoconductive change accompanied by the 

smallest capacitative change will be the most rapid from a photographic point 

of view.« Though complete photographic measurements on this type of system 

have not been included as yet in this reports some of the doping experiments 

have been successful in approaching this sort of system«. 

An adverse effect of increase of dielectric constant is shown 

very clearly in Figure 2 in which current versus time characteristics of 
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phosphor No0 222£ is measured oscillographicaily«. On illumination^ the 

~:ö^^iit^taTi^^g"6Wp^'(iö^f'ö£' thV"phcWe<&^ 

the resistance decreases,) This effect is exhibited In the very early portions 

of eaposure». Almost immediately the reverse' Situation, makes itself e^dent, 

and the overall phot ©conductive activity of the system decreases». This is - 

obviously due to an increase in the dielectric constant of the phosphor and 

it is evident that,either means will have to fee established for elimination 

of this dielectric constant change^ or, a type of illumination and exposure will 

have to be used which bypasses, this effect.« Examination of such ppssibilitie.3. 

are npw in progress;« 

The thinner the phosphor type of eleptrpgraphic plate and the lese 

the amount of binder* the greater the speed:« These indicatipns have been 

obtained previously from both sensitpmetric and electrical data and have now 

been checked by measurement of light and dark decay rates, in which the 

differences between these two rates are in accprci -with the conclusions 

previously drawn«, 

It is significant that the dark decay rates are hot mxoh affected 

by either thickness or variation i-» hinder content, and the major effect 

takes place on the nature of the light decay curves e At first glance, the 

effect appears to be due to the increase in potential difference which may be 

expected as the result of the reduction in thickness« This does not«, 

however, appear to be the entire story for the reaspn that apparent trap 

depth, apparent light-dark ratios, and overall improvement of the values 

from light to dark develop as the result of the reduction in thickness^ 

There are several possibilities which might explain the effects obtained« 

One logical conclusion is the assumption that the thinner the plate, the 
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more effectively is the incident light usec" and In the last analysis,, the 

^^^IsSe'inp^^ 

•use of %e light rather than the increase in potential difference or other 

electrical factors. 0 In addition., the possibility also exists that the 

thicker the plate the more .probable is, the' existence of a retrapping 

phehsjifenoh -which in effect nullifies the leakage of electrons into the 

base plate«, tfader normal conditions of exposure,,, the traps are first 

completely enptied by #xposure to infra-red .light e Thereafter on illuMnatiohj, 

the; traps in the first layer of phosphors become filledo However, if this 

first layer of phosphor is a considerable distance away from the base plate> 

the possibility exists that successive layers of phosphors may have their 

traps filled by robbing the trapped electrons from the first layer and under 

such conditions, the light decay rate would be a slow process. Finally,, 

layers of potential barriers would be set up and the overall effect would be. 

roughly the same as tha.t predicted by the experimental portions of this 

report^ namely, that a high residual charge would remain in. the body of the 

phosphor film which had no means for. leaking off through tae base plate.«,. 

In any event, it is definite that the ma^or item in technique with 

respect to preparation of plates useful for increasing the speed may be 

obtained through reducing the thickness to the least practical value«, 

The spectral sensitivity data indicate that the region of maximum 

sensitivity or peak value of change in electric characteristics is oh the 

short wavelength side of the spectral region in which the particular phosphor 

exhibits visible luminescence« It appears that the region of maximum sensi- 

tivity of most of the commercially available phosphors is in the violet or in 

the ultra-violet and if light conditions of this type are used, phosphors 
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normally rated as poor from the point of view of speed show to better advantage, 

'-it-i-.a-underatood—bhat -the- use-cf'^rltes^^pl^^ 

desirable, f pr the purposes of this project but it is equally important to - 

realize that most of the phosphors being examined have been used in speetral 

ranges at a- considerable dis-tanGS, away from their region of maximum sensitivity 

from the point of view of wavelength of illuminationo A, case, in point is the 

fp31owing examples- Using previously described white light sources^ phosphor 

UP« 150U was found to be less sensitive and slower than phosphor No» 22.25». 

Using an ultra-violet light source., phosphor No0 li?GU: was found to .be 

several times faster than phosphor No» 222]?« It should be noted here that 

methods for shifting the spectral sensitivity of phosphors« are known and, 

once a system having a speed at least comparable; to that of selenium is 

fOund5, then, the means for shifting^ such sensitivity ranges will, be investigated.. 

The various electrical data have established the significance, and 

heed for infra-red quenching or trap emptying«, Generally speaking most of 

the phosphors reached equilibrium under expo-sure to strong, infra-red lamp, 

in ä few secondss  but in isolated cases- times extending, up to: several 

hours Were required« The various measurements have shown distinctly that if 

the phosphor is not previously quenched in infra-reda the trap emptying takes 

place with extreme slowness i:. darkness and a loss of speed results» For 

example^ a plate carrying phosphor No0 130U as the sensitive surface was 

exposed to a strong light and then placed in a dark box suitably connected 

to the capacitance bridge0. The capacitance had not reached equilibrium 2k 

hours later and was still falling asymptotically to a minimum value«, This 

is generally true of all of the phosphors, that is, once it is exposed to 

light and not subsequently quenched in infra^redr light, the time required to 
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reach electrical equilibrium in darkness is extremely iengtlij~'-the deeper the 

"traps-the-lOngar-the- t£me-o •• ^cweve^- even-if-the-infrJi^r.ed^jqtienching.e.q'Uiiliir!... 

brium is. -reached very slowly, if the phosphor is first quenched in infra-red, 

the. tSäue required for the phosphor to reach equilibrium from an electrical 

point of. -view after- being placed in the dark box never exceeds a few mihutes» 

The näture< of the pulse .measurements obtained through use of the 

triggered sweep. oaciHographic techniques are shewn in. Figures l to 3 

inclusive, In both the normal and reverse methods of elimination, the 

initial effect is in the form of ä pulse of current whose magnitude almost 

immediately starts to. decay from its initial high valuer &a has been 

indicated before.^ this decay is believed to be -due to the1 increase in. 

dielectric constant«, ia v*«w of the intensity of the light, being nsed5; 

the effect must be of saturation order,. The higher this initial pulse the 

more, rapid the decay f ©£• phosphors such äa 22.25 and to a lesser extent the 

same is true of phosphor No.« lü>Qiw From t?he peak of the curve,, the current 

flow .decays for about l/lQth to i/20th of' a second and then starts to rise.» 

It is- believed that this erise is. not due to the. phosphor itself at, all^ but 

is. more probably due to the closing action of the camera shutter, that i% 

with the wide opening of the shutter, the shutter bounces oh closing so 

that 1he effect is to reilluminate the phosphor for a very brief period 

giving rise to the secondary pip shown, on the curves«. 

As has been explained, previously 5 the normal curve is accomplished 

by illumination proceedings, which are initiated by electron trap emptying 

while the reverse curve is accomplished by illumination proceedings, which 

is initiated by electron trap filling before exposures In every case where 

extreme care was taken so that, positioning from normal to reverse of the 
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illumination system was exact9 the initial pulse en reversal is of the order 

-0f—10-toi-ÖÖ- times-greater trhan--that. obtained-through the 'normal method of " 

trap emptying. iliutninätion9, '-' 

The triggered sweep technique also gives some indication of the 

rise time of the photo conductive system:» if the hyßthesis. of adverse effect of 

dielectric constant change is warranted^ an indication is also given of the 

v±ä& time of the increase of dielectric >constant6 Of all the various phosphors 

tested* and under the various- conditions indicated^ the rise times are of the 

säte: general order of magnitude and are in the range of 10 to about 10Ö 

inverse seconds „, At most the variation from phosphor to phosphor is not 

greater than a factor of 2 to 3« This= indicates that the. mechanism, initiating 

photoconduction in these types of phosphors is probably substantially the 

;same. from one type of phosphor to the other. 

It. is interesting to note that the results obtained in such 

experiments have been substantiated in. a recent publication of the, February 

\$», 19^1 issue of Physical Review on the photoconductiye characteristics of 

thallium sulfide by A«. Wo Ewald.«, Ewald used AC methods of examination and 

found rise times of the order of 10 to 20 milliseconds and it may be pointed 

out that his thallium sulfide films are extremely thin in comparison to the 

relative thick phosphor.films used in this casee 

A significant comparison may be drawn between the current^time 

curves measured osCillographically and the charge-time, curves measured 

electrons trically0 In the first case,a the phosphor continues to be subjected 

to a steady voltage during illumination and the photoconductive properties 

decrease after the development of the first pulse in spite of the steady 

potential o In the second case^ the surface of the insulator is sprayed with 
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electrons o 0a Illumination« the charge decreases to some value above ground» 

It- is obvious that the same; mechanism •which prevents the-maint-snaijce- of the 

high initial charge in the pulse experiments is operating in the second case«. 

This prevents the charge from decaying to zero, and it appears reasonably 

evident, that this mechanism is the, increase in dielectric constant which 

takes place on illumination» The same general results are obtained fromi 

the . light: decay curves and from the pulse currents on steady illumination 

as modified by the decrease of the amount of binder and the tbickhess of the 

film,, This again leads to the inevitable' conclusion that in, order to make 

phosphor type systems effective for photographic purposes,-, either better 

photoconduqtive mechanisms are required than are available in commercial 

phosphors or methods öf illumination and charging will have to be sharply 

modified*. 

At first glance3 it would' appear that the, reversal method of 

illumination may be expected- to be more suitable from an, electrographic 

point of view than the normal method and it has been suggested previously 

that this reversal or trap filling will be effective, only if light flooding 

takös place while the plate is being charged„ Howeverj investigation of the 

charge decay properties in both light and dark using the reversal method of 

illumination show that at least for the present* not too. much can be expected 

from this finding« The light decay rates are considerably improved or that 

is light decay takes place at a faster; rate and to ä greater extent using the, 

reversal method of illumination^ but unfortunately the dark deeay rates also 

increase so that, the overall increase in speed obtained is riot significant» 

Detailed study of the pulse current curves and the light decay 

curves provide certain hints as to possible means of illumination which may 
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provide aii overall increase in speed-. Some, further experimentation is needed, 

-to -determine--whether -these- hints are- possible- --or~nqft--and---1shere* is-a.-pröbabiiiiiy- 

that a direct approach may be the most suitable«, The- first, of these would J 

serve to indicate (and this is a finding which has been suggested in the 

theoretical portions of this report) that if the reversal method is used and 

illumination and charging are carried on simultaneously and then immediately 

«after this first stäge?. the plate is developed* then the peak effectiveness' 

of the photoconductive system might be available« This development, would 

have to take place in time, intervals, of ^milliseconds and for this reason 

might be academic for the. purposes of this project.. A second possibility also, 

exists which may be derived from study of the pulse current curves... It, has 

been indicated that the rise times pn these curves for all phosphors are of 

the same general order of magnitude and aretin the ränge of 10 to.about 100: 

inverse seconds. The current rises to peak and then starts to decay even, 

under conditions of steady charging, and illumination. It has been hypo- 

thesized that this decrease in photoconductive current is due to the 

development of increase of dielectric constant» If this hypothesis is 

correct and if the same conditions are not obtained under like conditions of 

charging in the dark and if the increase in dielectric constant takes place 

at a time later than the phenomenon associated with photoconductivity, then 

a means of illumination presents itself which might make, these, systems 

extremely fast from the point of view of speed. Naturally all the "if ?sfr 

in the foregoing hypothesis will have to be checked before the suggestion 

about to be given can be shown to have any real value. The illuminative 

possibility is the following %    It is altogether possible that if the exposure 

of the phosphor type plate is accomplished in units of time less than that 
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represented by the rise time of the pulse current* then the adverse dielectric 

"constant"" ef f ec¥"rcL'lrl"not^Have* time * iJcTmaice TCtseiEf" ^^Xab'£eT'^M^iä^~ö£^ 

checking this hypothesis, present themseives.0 The first is to use ä single 

exposure of extremely short time duration5 that ±Sg  considerably less, than 

Ööl secondhand' in accordance with the curve on Figure 2$, exposure time should 

be of the order of Ö.-.0EJ; seconds or less« Another possibility is the use of 

illumination through- a rotating shutter in. which the open, time.' of the shutter 

never exceeds- a unit Of 0o 01 seconds or less«, Thus^if the hypothesis that . 

the adverse dielectric constant changes operate in an opposing direction to 

that of the current changes is .a correct, one and if such dielectric constant- 

changes take place at .an interval of time later than the current changes^ 

then the possibility should be a good one that this method-of illumination may 

be a. valuable technique 9.   This idea 7411 be checked during the coming report' 

period ö. 

The. possibilities with respect to. decrease in dielectric constant, 

change.s while increasing photoconductive changes will be discussed in 

further detail in connection with actual data reported in the tables -.». 

The qualitative chemical an^lysis has brought to light several 

interesting points and in view of the fact that the general class of 

commercial phosphors available for study does not represent systematic 

changes,, only qualitative conclusions may be dravjn»- The conclusions are 

these? Other things being equal? only phosphors which contain interstitial 

impurities., such as copper Q? silver or both3 are, photoconductors in the zinc 

sulfide type system,» This conclusion is complicated by the presnece of 

other impurities 3. an analysis of phosphor CE3>1Q9 showed only copper as an 

impurity and yet it is not a good photoconductor and is extremely slow or 
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(^ practically negative as far as photographic properties are concerned0 The 

"--"  ~:--— salutionsr were- :r^examined:-andr~a' -trace of 'Cöbalbt OTas-f^\a^7ft--'Gobait'-l-s laac?^ - - 

to be a powerful poisoner of photoconduction and in amounts larger than 

traces will also kill luminescence,. Phosphors such as &703 which contains 

only manganese * a substituiiönal type of impurity, are shown by the 

electrical measurements not to be a good photocohductör and has . 

practically negligible speed for electrographic purposes«. In addition^ 

generally^the more, brightly yellow the phosphor^ the' higher the photbconductive 

value and the 'higher the electrographic speed, leading to the hypothesis that 

cadmium sulfide based phosphors will be more effective photo.conductively 

and photographically than zinc sulfide based» .It is further evident that 

the. conclusions with respect to impurities and •with respect to cadmium content 

oraust be treated separately since phosphor Np0 13PU which is relatively fast 

contains no cadmiuma but does contain both copper and silver«, (jn connection 

with the hypothesis that the increased- content of cadmium'will increase the 

speed$ it is interesting to note that, the. last report prepared by Battelle 

on the subject points out that phosphor RCA Wo„ F29Q3 is. roughly 10. times 

faster than phosphor NoG 222$»   We have been able tp obtain the general 

chemical analysis Of phosphor F?903 and find that it is one of the highest 

cadmium content phosphors available commercially^. Containing roughly 90 

parts of cadmium sulfide^, 10 parts of zinc sulfide5 and activated by 

silvero) 

In any case-} the hypothesis may be presented that photoconductivity 

in a phosphor is the result of the presence of an interstitial impurity, 

that certain impurities such as cobalt will quench photoconductivity^ and 

y that substitirfcional impurities such as manganese which are useful, for 
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luminescence purposes dp not provide photoconductivity« and that the photo« 

conductive; ancL4n«alI. -probability—the-eleet-regraphi-cr^r^pertfcesr.uf a- sulfIda "" 

phosphor will be proportional to the cadmium content0 On this basis^, it 

appears advisable to emphasize pure cadmium sulfide.,,systems rather than- 

those •which contain any amounts of zinc ..sulfide,,,. . 

It was the. result pf these ahäLytical findings that doping; 

;©xp©riiiB-nfc.s wer,e initiated based on zinc sulfide phögphor Mjp,s 222.^ and 

padmiUm sulfide.. The data obtained are reported in Tables k$> $j  and- 6>„ 

The cadmium sulfide used for- the. purpose of these experiments was' the Harshaw 

grade and in all cases ?  the end product had. top low a resistance; to be 

effective for the purposes öf the project and are therefore; not reported« 

These experiments are now being repeated with the* luminescence, free type of 

cadadup sulfide which we have been fortunate, in obtaining recently». The 

general, data with respect to cadmium sulfide will be reported as a unit 

later» .Referring again to Tables it* $-t and 6,$  the. results of these, synthesis 

experiments and of the qua! itative analysis indicate that doping for photp~ 

conductive purposes may extend beyond or in •» different direction than tfe,at 

•considered :maxLmUm for luminescence efficiency« in the case of luminescence 

free zinc sulfide^ photocpnductive properties, could be imparted tbrougb 

suitable additions of either copper or silver.^, but the maximum photocohductive 

current obtained in any case is not s-officiently high to be- useful.* This is; 

simply another way of säying that zinc sulfide systems are, not as effective 

as -systems containing cadmium sulfide.,, inpther significant point is- that 

copper seems to be more generally effective than silver and that doping of 

No0 222E> results in much more desirable changes than the doping of ssinc 

sulfide« In the case of NoD 222j?s -when the conditions of preparation are 
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proper:, the photöeonductive values continue to increase with increase in 

copper content up to about 00Ö1 grams öf copper cft£pr.i<ie per !<!?• graiSFbir 

No.- 222-Ö-» Both the steady state, photocohdUctive values and the pulse c 

values were, measured fpr the purposes of these't$2es. with care0, $0 far,, the 

best results have been obtained by flux, treatment at. 9.30*6.,, Most significant' 

is the experimental findings howevers  that, the activity of the phosphor rises; 

rather steadily with increase in copper content as far as pirptocpMüctivä 

properties, are cphcerhed. If at the same time.s the capacitative differences 

in. the hypothetical £igure5des.ignated as trap depth^appear to decrease, and if; 

the hypothesis developed in the theoretical supplement "with respect to the 

adverse effect of increase' of dielectric constant are shewn to have a basis. 

in. fact, then it is certain that the dieleetric constant, and photocoMuctive 

changes are separately operating, mechanisms.«,. A mearjs for changing one ... 

without affecting the. other is available through doping procedures1 and a 

much greater increase in speed, should, be expected than. would; ha indicated 

by the. figures given in Table h» 

•Referring specifically now to Table !i>?. the capacitative differences 

of phosphor No« 220 without added copper are 60 and the, photo conductive, 

current in light is 10® millimicrpampereSo. The capacitative, differences 

of the phosphor doped -with 0001G© grams of copper chloride per 10Ö grama of 

No» 222£ is roughly 11$ and the. photo conductive current under illumination 

conditions is 8 «6 millimicroamperes,» Xf~the hypotheses given in the. 

theoretical portions are correct,, then the speed of th<? sample represented 

by plate No& 28I4 should be severs! times faster than the speed Pf the sample 

represented by plate Ifoo 282«,. In order to determine whether these suggestions 

are correct, the rate of decay of light and dark currents under normal methods. 
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of charging, are now being-, msäsured., 

•""""•""''T "^^-äS5mai^:-a£"€MF"s©cffon'oj "tlie^'iscu^^^ 

the< results of chemical analysis and experimental data Indicate, that copper 

is -an effective; impurity in sulfide type phosphors f or'pholbocondüctive 

pwppsesj, '- -., 

Si view of the' effectiveness of certain. ti;tanätes from the 

point of view of infra-red,, combinations, of these materials, and phosphor 

.Ho«, 222*2 were' examined,. ;Nb.unusual, remits we re- f.'öund> 

The major emphasis has; been placed; on. cadmium sulfide in the latter 

sections of this report, period« The wark has. .been, handicapped: by fthe lack 

of availability of suitable raw: material of sufficiently pure grade and Work 

was initiated with the types- of cadmium; sulfide- available commerciallyf 

Fortunately^ recently wei have obtained ;substarxtial quantities of luminescence 

free; cadmium-, sulfide from' both «RCÄ and- .^lvaaia,, and. these material's- have 

now been placed in experimental evaluation.. Prior' tp äse stocking of su!3h. 

materials j, a. variety of experiments^ were- carried, out in-, the- general S%ß%ä of 

cadmium sulfide«, The doping, experiments: as described before on Harshaw 

cadmium sulfide; were failures in that the product had too*low a resistance 

to be effective for the purpose of the: project«, All experiments dealing, 

with the heating of cadmium oxide in oxygen and; the attempts, to develop a 

cadmium sulfide film on brassy stainless steel.,, or other matal% resulted 

in failure either because the properties: of the film were- physically poor-,, 

or large pinhoies existed}, or the resistance was too, low for the purposes 

of the project». 

Cadmium sulfide from the different sources was examined for 

investigation of their photoconductive properties«, Light and dark decay 
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curves could not be obtained from these cadmium suifides since their dark 

^^islance"iii^a^^a^es'"iras"~:toö"Iöw: tc^i^rMi ^e"^Wr3J0! to hölä ä change;« 

The dark resistance for photographic purposes should be of the order of 

0^1 x IGT9 amperes or less and ail of the. cadmium suifides are: higher than 

this value» One Of the intriguing findings with, respect |o th§, various 

cadmium suifides is the relatively high order of current ^which passes or is 

developed in these materials when exposed to light« A silver doped cadmium 

sulfide supplied by the Signal Corps exhibits unusually large amount® of 

current on illumination* but the dark current was also quite high resulting 

in a light-dark ratio of % to 1» 

Mixtures of phosphor No. 222J? and the Harshaw type cadmium, 

sulfide were prepared covering a broad range of binaries and son© of the 

adverse dark current conditions exhibited by cadmium sulfide Were suppressed 

in this manner although they still remained in a range top high to make 

them useful for photographic purpssesi It is significant to note* however^ 

that at least a method for making a very effective phptoconductiye cell, 

was provided in this way.. As a matter of fact* using cell No. 32.0 in an 

intense illumination^ a light-dark ratio of over 1000 to 1 is readily 

exhibited. The continuing endeavor on cadmium sulfide is. for the purposes 

of emphasizing means for reducing the dark current to values below 1x10 

amperes« 

The light and dark decay rate s9 measured electron» trically, of this 

combination of cadmium sulfide and 2225 plus results on phosphor Ho» 2225K 

alon% Ho. 15»GU, and No, 2200 are exhibited in Figures h and following 8 

3h gensraij these data substantiate conclusions obtained earlier by 

photographic procedures <, Phosphor No« 2225 has a faster light decay rate 
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t&an a No;, l$Qk "Koreas No;,» 2200 is by comparison very slow.« The effect of 

.ilhfic.Kjass.'M' binder is. clearly exhibited!.,- light decay rates being,;greater 

with thin films- rather than -with thick* The reverse charging; techniques 

gives faster light decay rates, but also faster dark decay rates. The net 

result appears to be a net „gain in photographic speed of apprpxiiaately a 

factor of .2'!'., As- has been indicated,, this might be improved by automatic 

charging and developing,-devices which, would charge the plate during, exposure 

and develop' it immediately afterwards, 'This suggestion remains to. be checked 

experimentally» Other methods, of reverse charging might be. possible and have 

been, suggested in previous sections1 of this- report-,. The results, on the. addition 

'of' cadmium; sulfide to* 222$ indicate, a. decrease- in the rate: of light decay 

and it- is to be noted that as. the: amount, of cadmium sulfide increases., the 

effect of reverse; charging also decreases up- to the point where with; 20$ 

cadmium sulfide,, normal and reverse charging curves are substantially 

Identical* '-."'...• 

Ät, first, glance... "it would appear that this- result is-contrary to 

what might be expected; or may be anomalous • However, when it, is remembered 

that the cadmium sulfide used in this case- was the Harshaw type which shows 

an extremely high dark conductivity,, then the effect, is substantially as 

expected and it is exactly the same äs though conducting; particles Were 

placed in the film» Under iäiese conditions, it would be difficult to charge, 

the plate; to the same potential as when these conducting, particles- were 

absent and the data clearly indicate this adverse condition». Thus it. does 

not appear safe to draw any conclusions with r espect to the role Of cadmium, 

sulfide with respect to the light decay rates until assurance is had that 

the. photococductive dark current, is sufficiently low. 

BESTRICTED' 

HORIZONS IHCORPOSAT.EE 

w„*-'w?ty 



- 3£ - - RESTRICTED 

tight decays were tried oft two selenium plates furnished 'by. the. 

Sighjäl Corps* These wer§ charged plus 7000 volts pfi the corona wires, plus 

li'80 volts on the grid resulting in. a plate Voltage of £80» The plates decayed 

in the light to 30 Volts in%less than £ seconds, which was; too fast to plot 

the curves.. However^, these dspta indicate that the «eleniim plates. are about 

30 times faster than phosphor lö» 2225, 

in fable $.s.  the effect of light intensity was examined using & 

single plate for all the. measurements *. The light intensity -was measured 

with a mete£ and as. indicated in the, note attached to- this tables -the figures 

may be considered only relative in view of the small area of the: pja te which 

was illuminated«, Eight intensity used for all measurements in all. other 
t 

tables was equivalent to the 700 value given in Table i|. The results 

indicate reasonably conclusively that the pulse current increases with light, 

intensity, particularly oh reversal^ and the evidence is that saturation 

effects become noticeable at high values of intensity« To a limited extent, 

it appears that the rise time of the photöconductive current is higher at 

high values of light intensity than at low:« though this factor appears to. 

level off at lower light, intensity values than indicated by saturation of 

photocurrent» These results are substantially as expected« 

-CONCLUSIONS 

Some of the conclusions and hypothesis which may be drawn may be 

listed as follows? 

1„ The. speed of a phosphor type electrographic plate is inversely 

proportional to the thickness«, 

2S The speed is proportional to the cadmium, sulfide content and 

the evidence indicates that phosphors based on cadmium sulfide should be 
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light decayä -were tried on two selenium plates furcd/shed by the 

Signal"CorpsI'"These were charged plus 7j>0O völts on the.corona wires,, plus 

ij.80 volts on the grid resulting in a plate voltage öf 3l80.» The plates decayed 

in the light to 30 volts in less than '% seconds, which was too fast to plot 

the curveso However, these dsta indicate that the. selenium plates are about 

30 times faster than- phosphor N00 222£» 

Iii Table %  the- effect of light intensity was examined using a 

single plate for ail the measur.emsntsre. The light intensity was measured 

with, a meter and as indicated in the note attached to this table^ the figures 

may be considered only relative in view of the small area of the pia te which 

was illuminated.. Light intensity used for all measurements in ail other 

tables was equivalent to. the 700 value given in Table; &„ The results 

indicate reasonably conclusively that the pulse current increases with light 

intensity,, particularly on reversal, and the evidence is that saturation 

effects become noticeable at high values of intensity«. To a limited extent,, 

it appears that the rise time of the photoconductive current, is' higher at 

high values of light intensity than at low,, though this factor appears to 

level off at lower light intensity values than indicated by saturation of 

photocurrent« These results are substantially as expected*. 

CONCLUSIONS 

Some of the conclusions and hypothesis which may be drawn may be 

listed as follows? 

la The speed of a phosphor type eiectrographic plate is .inversely 

proportional to the thickness„ 

29 The speed is proportional to the cadmium sulfide content and 

the evidence indicates that phosphors based on cadmium sulfide should be 
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very much faster than those which contain more or less zinc .sulfide-« 

"""'*"""''"" - "*3i~"IntWstilMäl 'xm^rx^xes^^eö. ~&s^'cl^^r  appe^r"rt'p"'te^more 

xipportant for phptocpnduotive pui-poses than sübstitutional ingjurities* 

1^, Cobalt appears to, be a poisoner for photoeondpactipii., 

5. In order to obtain the speeds presented äs th<| specification 

for this project, ma^jor modifications in lighting techniques-, in sensitiv® 

materials,, and in plate making, techhiqi ess. or in all three* are required in 

order tp meet stich specificätions* 

-6-, OLeäds as to the nature of these modifications have been 

presented both experimehtallj arid theoretically«, 
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,  TABLE I 

ELECTRICAL AND SFfGTRAL DATA 
^_ ; - Trap ^Z~.„MI^^. 
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Phosphor 

i i 8* 0 QiOifl 

Visual 
Speed 
Or^der 

. Wh 

Pepth 
Cj^% 

20.0 

Spectral 
Rangs 
Response A0 

375P .-• 4750: 

. spectral 
Peak: 
Response A«? 

1304 425G r 4£O0 

2225 m« 5 0*038 2225, 9.4 J4.750 -• •6oöp.. 5500 - 560© 

'\$Qk 59.0 0.024 mk 4.0 35QÖ; - 4000 |750; 

233«? 37o7 0,023: 23m 2.7 32-56: - 4oop 3750 

2220 «5*8. 0.028 2220 ,?• 0.76 3800 •-• 5860 4750 

2200 3Q. 1 0.026 2200 ? 5.4 4oe© - 5000. 4250 - 4750 

|6l7 242 QrÖlh 1617 1.16 Ii250 » 6000. ij250 ^ 4900 

ee 5109 34*! 0.03,! CE. 5.IO9? 1,7 4250 - 5000 4750 

12+09 10,0 6.015 IJ409 0.47 3250 - 425Q 3.900 

2210 5.6 0f,008 2210 0.44 co «no* MB —.-*,• 

2479 2,6 0.007 2479 0.21 <»*•<•>•*) «9» *C«*t«» 

2705 .   0.64 0.006 2703 0.00* M»M»*W«* «»*»*• •», 

IMU76 o.-iti ö.oos LMU76 0.00* cc»Aa«r>aa <---.« 

2469 0,31 6.002 2469. 0,02 -«— «--.-.- 

CE 6138 0e27 0.001 CE6J38 0,00* MMOKHB 

C « capacity (micromlcrofarads) at 1000 cycles 

L «• I ight 

D - dark 

I «• fnfra«red 

P « dissipation factor 
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H-l 

.H-ii. 

<H~8 

HrlQ 

H-i i 

H-9 

H~5 
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TABLE 2 

ZnO * ZnS eAtC'lNATIONS 

Product NOä Description 

ZnO at   |80Ö°F 
in air 

ZnO at 22O0°F  in 
- air . 

ZnO at 26ÖQOF  in 
air 

ZnS. in N2; at  }8Q0^F 

ZnS. tn ;N2 a/f 22O0QF 

ZnS In N2 ttt 26öÖ°F 

ZnO in reducing 
atmosphere 18O0°F 

ZnO in reducing 
atmosphere 2200°F 

ZnO in reducing 
a.tmospher e 26ö0°F 

:Resf,s,ta,nce 

I x 

I x 

8 x io6 

3 x iofe 

I   x .10? 

8 x   !0^ 

I   x   I0a 

6 

Zn$  in H2S at   I800°F     i  x 10»" 

ZnS   in H25 at 2200°F     I   X, 50s; 

ZnS.  in H2S at 26o,Q.°F * volatilized 

JlÄlffgD- 

Rho toco.nd uc-tcr 
• . i» .1' '."• -"i' "• 

yes,   s.| ight 

yes;,  slight 

no 

yes,   good 

yes, slight 

no 

yes 

no 

no 

yes 

yes 

None of thesje were as good photoconductors as the standard phosphors, but 
treatments similar to H-8 or H-I4. might be suitable for thin film firing«, 

RESTRICTED 

«ÖftlZON» INCORPORATED 



-39 
RESTRICTED 

w E o    '   „ 

© 
k. 

I 
o « 
©; 

tnj 

RJ- 
U 

•*«• 

k. 
•*•;• 

P 
* 
Ul 

c 
o in 

CM 
© CM 
+r  CM 
C 
0)     • 

•^ o 
•C ,-Z 

•   a 
O  fc o 
•k. JC 
©  a, 

NN. x»  or 
c  o 

U» •«•    _C 
«j; co a. 
op J*J x> <+• 
t- c  o 

w. •ES . 
30 1 
O i c o © 
;© •1» « 
© 

«M> X a 
I in 

CM 

Ä 
tin 

«I* 

P 

X'    o 
CL     >— 

ay 
-co- 1 
k. :«"*! 

SO 

ITS 
e 

"3 S 

•o »+. 
c o 
<D 

© 
© © 
<r> •~. 
© +» 
c i- 
jt © 
o a. •— o 

JC •u. 
H a, 
H- 
Q 
4- 
0 
© <*- 
v*. 
US 

l 

a. 

o 
o 
x 

o 
C\   UN 

vO 
e 

CM 

© ' 
(ft 
© 
c (fl 
V (t> 
o JC •— o 
.c c 
f- —' 

—       CM 
CM        — 

O 

o 
o « 

•o 

u o 
£   k. 
Q. Q) o 
to -a o«.' 

0  c 4- 
-C •- «3 
a. CD a 

© 
4- 
©       o 

CO 
e 

N0 

c- CO 
© CM 
o o     o 
P Ö       O 

3 

o 

in 

£ 
•a 

m 

CO' 

re, 

o 
O 
NY 

CM 
•• 

CO m 

tn      — 
o 

CM 

o 

in 
». 

ON 
CO 

UT\ — 
NO \0 
Ö Q p o * « 
o o 

o 

o 
© 

o 

£ 

3   3 

Oil        sO 

roi 

-\    -3- 

CM 

NO t- 
o     o 
o     o 

© 

UN in IA UN 
in 
CM CM 

a 

CO CO 

« 

CO 

« 

CO 

e 

CM 
CO 

IA 

s 

Q 

so 
. o 

CO        SO 

m    CM 

o 
CO. 

«N. 
vO 

tn 
rn 

in     —     — 
o     ~     — 

o     o     ©     o 
0 0ft« 

©POO 

CM 

ON     rn o     — 

CO        C7N 

O        Q 
G        O 

o 

in 
vO 

in 
3J 

ccr     co 

c 
o 

(0 
•C. 

"Ü 
3 

© 

C 

c 
o o 

•D c 
© 

« 
© 

© 
TJ 
C 
3 

C 
© 

V. 

O 
O 

4- 
o 
a. 

o      — 
ON       ON 8< KN 

ON 
NO 
ON ON 

CO 
ON 

ON 
ON 

A 
•a 
© 
m 
? 

© 

3 
JC 
(?) 

© 
E 

© 
(0 

© c 
o 

,t o o 
© 
k. 
3- 
© 
o a. 
x 
© 

O 

© 

k. 
© 

c 
© 
u 
k. 
•3- 
O 
O 
4- 
o 
tx. 

c 
© 

u 
3 
O 

w 

•3 a. 

©• 
© 
o a. 
x 
© 

•n 

o 
c 
© 
3, 
CT 

© 
k. 
I 

© 
k, 
3 
(ft 
O a. 
x 
© 

© 
E 
k. 
O 
c 

© 

o c 

at 
(0 
•o 

c 
o 

© 
k. 
u 
3. 
o 

x: 
c» 

o 
o 

© 

3 
W 

a 

«0 
E 
k. 
O c 
ki 
© 
4- 

© 

c 
3 
© 
O 
Q. 
X 
0) 

© 
w 
k. 
© 
> 
© 
k. 

ct 

RESTRICTE0 

HORIZONS    JNCORPORATZP 



mriamiKMBvawiaKf^n»aeK«simimiiasa)fS)afmslVXISSIS^!if^ 

hQ - 

M. 

•3' 
3 

•p. 

in 
CM. 

o 

L. 
o 
£ 
a. 
o 

c 

a o 
p 
o 

0) 

Q?    w    'pr . 
© # » 

* '— O .1 
• I 

a» 
*(£ -4 

PC J§ a Q 
00 «•• 

. w     ... 
!       JO •*- •   injzjcn o 

IA a-. SO 
S3 

Ö 

* .- ,, 
t.   - .- • O 
L. &   SB-, .' - •   ,«! 
3   I   i: 
p p o tffil 1 '1 evj $- r -   ?— ® 1 ! i 
a>     40 

.   Mi x :, i 
X 
3. 5   -tf* 

Ö-   CM zfco 
1 
i 

1 
1 'CO> 

c\j. 
CM 

* 

o 
Ö. 

8 
US 

-*• v 
'* 

L.' 
.G- 

CJ 
c 

4) 

-L.' 
0) 

o 
"5*   X 

co 

.C 
4» 
a. 
m a 

'•a. 
n 

£ 0 

0. 

o 
o 
X 

_J o 

i# 

© 

PA 1   * 

(/» (ft <a> c V) x. <D o x: 
•— 0 x: c !~ ~* 

CM 
» 

CO 

c\J 

o 

o 

so 
. ,» 

•—        K\ 

& 

o 

—      sO 
o 
CO 

o 
o 

4 

CO 
« 

cO 

CO        r4 
tn.    p 

ö Ö 

$ 

& 
O 

—       KS 
in 
CM 

4 c- ^t -4 — 
SO SO CO 1XS sß 

8 8 8 8 -8 
o o • o * 

Q O O O O 

o 
«3 

SO; 

O 

'O 
CO 
CN 

c 

a* 

Ml 
P o    et 

sO       — «ttt> Si i 
r 

i 
1 

*T> »04 
T-3"     so      rc\ 

o O 
tC 

» t 
1 (8; 

9£ p in 
tt?»       O 
CO         — 

o O 
i 
r 

» 
•8' 

1 
I 

o 
^ ±3        LTS & Ä I 

! "•1. 
1 

1 
I 

CO 
ft 

CM 

c9 

rc\ 

o 

i*\     CM 

o 
co 

4     *• 

~      so 
in 

P 

vO 

i 
i 

ir\ 

KN      SO        CO 

sD 
.   a 
O 

r4 P        '4 
•CO:       -r 

Ä 0£, s 4 
CO 

o «M> p o O 
o o o o O 

SO fn 
% 8 8: 8 », ^6- •e. e .•. .» 

ca P. P p1 p p 

PT\ 'fc- IA -4 t> tn KN in. fOi ^ -4 
O O •O" P P P 
••• « « ft « 
o P p p. iO- P 

©• Öv p 
. *• « * 
P m. •p; 

CO        Si 3. , m o     c 3      ö o     < 5     -© 
a a 

in 
CM 
CM 

a»   » 
xs o 
•O 2 
(0 

cvi a 

s 
i-   c 

-  0)   O 
o> a c 

c» 
o o — 

o o 
o o « « 
o o 

a> 

o 

a> 

O       Q 

o     o 
o 

o 
p 
O- 
o 

OS 
c 
o 
c 

o o 
o 

o> 

o 

o 
CM 

o 

G 

o. 
o 

o> en c» 

8   8   8 
CM     -«!•     co 
O        O        O 

& 
(0   o 
a. 

in rT» o 
c\t «Mn in M> 
(B CM C\j CM CVS 

t-. 
in 
CM 

CM GO C- O CM -4 CO O 
CO t~- f- CO CO CO o O 

CM CM CM CM CM CM N\ 

co 

HORIIOHS    INCORPORATED 

RESTRICTED 



j*±wmmaBNt»<3ms> 

*m 

CU   ,<D    I; 
V>   S. O 
•~ —?- <1)    . I 
CC'H   10. Zj P 

LT\ 

ÜJ 

(       ' 

O^NO 
-C x:. 

«• o 
•CO 
JM ©> ay 
<» ON 
•i, 

o> u 
C   3' 

•*- o. 
o 
'p — 
s- co 
0 c 

o ro a> a) 

•iti >> 
X> 

'E 
0)    „ 
Is    < to. 

•q--o 
© 
to x. 

I i 

££J   © 

UN;Z|    © 

Kj   O 
0 

w, 
o 
LA: 
OJ]Z| 

t*d 

Qi        ~ 
at     x 
o 

Q 
<o. * 
<l_     — 

0>, 

o: 
'X   p 

o 

© 
O 

a: 
i 

or 
, o 
o 

o 
o 

tf tp 

01 

c in 

o x: 
— o 
x: c 
H. — 

CM 
O 

© 

% o 
o 

o 

o 
CM -3 & 

, r 
,   8 I 

8 
8 P p .&• a 

*-> 
CM 
tarn 

o 
SI... 

O O 
_N0_ Ä. 1 >8 1 

-^—„.-.«. , ,©..„ —Q- ~ -JU P 
_aCM. 

LA ei 
ITS Ö 

LA 
© 
so 

1 
r 

i 
8 

V 
1 ,. P ' © . 3 Ä ,g 

CM US d LA 
fC\; 

1- 
1 

8 
8. 

4- 
P © ä a S 

8 
8 

8 
1 

1 
1 

j 
1 8 

8' 
I 

» 
.1 1 

LA 
CM:" 
CM 
CM 

': P o- 
•r : 

i i 
8 
J 

8 
I 

i 
•!'• 

.t 
i 

1 
•r 

•1. 
1 I -   8 

o 
• 2' 
" u 

o 
x: 
Q. 
«0; 
O 

P p 
i 

•i- 

00 

© 
CM 

©. 
LA 

i0' 
NO 

-9 
O 

o 
•UV 

P © 
• 

© 
0 

o 

•0, o 
.    * 

CVS 

CM 

O -B- 

s s 
—       CM CM 

OS uS CM f* 
CM CM' CM CM 
O O O O 

-• -o «• « 
o o o o 

© 
03 

vO 

© 

T^-      -41       CM,       t-      'l>i 
p •* '0 «a 

-^ ON t^- -4 ON 
p O O O O 
©       O       O       O       O 

Ä 

•UN. 

o 

03 

o 

o      — 
o     o 

—     o 

o 

o 

NO 
9 • '• 

LfY     us     .cr 
CM        ~ 

p 

NO 

UN 

LA LT\ 
NO NO 
o o 
© o 

x: 

V) 
c 
O 

<0 c 
X) 
'S 
o 
o 
TO 
c 
(0 

CD 

S 
H 
(0 

GO 

CO. 
©• 

o     ~ 

NO 

00 
NO 
CM 

ON 
CO 

-4' 
,*. 

tA -* 
C3 •u* 
O o o. 
o o 

« 
© 

ON 

Lf\ 

NB S LA £ NO 
UN 

O P © o o 
P o o o o 

G        Ö o 

X) U) 
<D c 
T) M •o 
(0 .« 

C3J 
K 

r5 
t.J o 
3 «" 

<> 
t- 

» Q) 
OJ a. 

cr> co 

o      — 
a      o      o 
coo 
o •      • 
coo 

co 

o 
CM 
O 
O 

co D> 

O © 
NO O o — 
o o 

t> O 

o o 

eo co 

8 I 
CM -3" 
o o 
o o 

CO 

o 
o 
CO 
o 

o 

CO- 

o 

w 
«J 

DO 

*3tfS       tOUN 
O CM     O CM 

IfiZ     QD Z     CD Z 

LALA     O  O     LfNLP, 
C-»CM     UN UN    CM  O- 

a. z 

co 
KN. 

NO        vo 

o 
CM 

'S- 
CM 

ON -4 CM -=r NO 
NJJ l>- ON ON t^. 
CM CM CM CM CM 

M"N O 
CO 

NO 
CO 

-4 
CO CO 

HOSIZOKS    1MCORPOBAT6D 

RESTRICTED 



«jj»gMi»Mi«>^Jw»'«s?gg5g*,'!g^^ 'x^*m^S^mffvit^mimia 

^•kz 

RESTRICTED 

O  Z 

Ü>^ <NO 

x: x 

</> o, 
•c © 
M O 

CO 
©   ON 
L 

•3. •-)- 
Ci   «3 

0> 1. 
C    3 

M.      O 

0 p  — 

0   C 

O   (0 
.© <u 

-**r x: 
«•- 

0) 

S. 

OO 
O — . Q 

O   X 

€ 

.JC 
•1-       O 
a.     © 
<0 — 

«     ° 
•Q..O 
(0   1, 
L.   • Q 

,0. 
I, 

O 

O 

.r<\    ^t 

« 
o 

CO 

i,r\ 

Q 
e 

o 

o° 

Q 
p 

cM 
o 

-it 

Ng 
.'© 
.•© 

NN. 
.« 

N© 

Oil 
. e 

•©• 

'Q 
P 

KN. 

C 
o 

p 
© 

o 

o 

ON 

•{o> 
P * 

CM KN 
' «     "0 
?T ON- 

KN 
o 

o 

CM 
o 

Ö 

O 

*-- o 

p 
P . 
P 

KV 

•UR\ 

Z, 
•CO-r 
<•«/ 

(0 £f 
iS'NO- 

ir\x: 
•CM 4* 
CM =rrr 
CM, >» 

^O 
o © 
Z O 

CO 
i.   OS •o 
J^   4- 
Q. (Ö 
(0 
O   L. 
x: D a. o 
". x; 
u> 

'*?   ~ 
Q.  CD 
O   C 

o   0> 
x: 

<& a) 

iu < 

" o o 

o 
Q 

o 

o o 

10. o 

»5 

4    4    \fl 

o 
p 

CM> 

o 

©• p. 

o 
© 

« 

©•• 

o 

8 
o 

ITS 

o 

© 

p- 

o 
•Ö' 

p; 
o 

o 

I 

. o 
ON 

CM 

P 

o 

p 

o o 

I 

CM 
CM 

(fl 
(fi 
<1) W c <u. 
^: -C 
0 0 •—., k— 

.c — 
K 

NO 
© o 

CM t: CM CO 
KS ^t NO LT\ 
© 0 O O 
O 0 O O 

o 

CM f- ~ • LT\ CM, 
-3" NO LT\ t>- ON 
O O ©        OÖ 
o     ©     o     o      0 * « • • • 
00000 

o z 
o 

•o © 

e T3 
«3 -O   U 
L,   0   $ 

O 

o 

O) co 

© 0 0 O 
CM 0 0 Q 
© CM -^~ 
Ü 0 O © 

CXi 

o o 
CO o 

0 O O 
CM O O 
O — CM 
O © © 

o o 

o © o 
CO o 

to 
4— 
(0 6 ~- o 
a. -z. -3 -et 

to, 
5  ^ — CM -d- f~- ON 

NN 1^ N-\ NN, M^ 
N^ res K> N> K^ 

HORIZONS tHCORPORATED 

RESTRICTED 



^i^. 

k3  «r 

, •. RESTS?) GTEP 

| m in t P **< 
•" 

«,.—iiij.cjjcb.- _&-..-. aS t>i- 6 Os. -   !?* -.*?! 6 * 9 sO 
"CM• 

a) 
', - }•»  , - - """ ».J 

""'o' 
'   • -  • '    . ..      r J3 

(0 © o © P o P 
Q 

o 
Q 

o 
o 

o o s P Ö « •©. §• e> -" f ^ o. © CD- CJ OS». o CO o sO in CM w> c so u 
LTN CO 

CM 
o 
KS S' CO CN o 

sM; 
.1, K> O 

' 'Ö/' 
" . 

*   <P   " Ö LfS to -* j$- sO, N3 ,0 1' ._*- en o - •©'. p rt- t£ 0J sp. tn LTS. -$ a 
# 

-.1 ~ .* (0 
•»fY SO CO -41 o •»• s? , Su 
CM ITS - 

to •" *i 
© X o — 0) 

'3' ' 
....   •©•; 
A: IS © o 

O 

1 
P.- -; 
CO % !l> Ö 

CO' 
© f 3 OJ c\i; 

in ';* oi 
te 

«o. r-   JO © 
CO -&. 

,CO s4 
V, 

CM CM; • 
0) v.» to V Ä -4- pi utS- •C^ •C-- SO SO n~ >b- 

3' •;St ,G\ «*- OS Os OJ en. •¥-• CO CO CM CM K\ s> oo. 
.Q *• i95 ••" "*- CM CM *r— •r •—• p' p P © P o 

•-"T" ,i-^ ill.« « o .' ">• o -J* >o •o •» o * '    -,« • •* ..« a 

>• 

P     IP Q p o .Q. o © o P. .© p' O P P © © 
• • 

E i-0 © 
O 

**- 
W» 
X» 
O 

CO p 
sO IPs % 

P © 3 
CO 

8 
Os 

CM rn, 
in 

© 

sS 
Ös 
in. 

CM m S3 
sO 

cb 
iin P 

CO & ON CM 
fcTN 

ÖS- 
0s 

uS CO 
fn s 51= OS p 

« © Ä ji_      ..^ Q    ~ o © —r — o ««? P o o P p- P P © o jo .o « o- ,o. .'a a •© © 4 • «< .*•• o * • 
AJ-       to p o Q p. P o P o o O © o o o © •p. 

H-       •»-• IP © £1 Q O -g CO Ö CO CO 
* 

^£ CM in o o L ©  JCS- •M< ;ri •£ so os •&-• fO< ITS i^ ON CO CO rn 
a. 

I 
o«    K> so so -3 K^, tr\ LTv CO t>- ,co- -4- •m in MS ^P rn 

CM «» CO LP\ Ö Ös i tn 4M* p •CM ^ in CO tn 
CM _^*«l uci tr% Q © in in m 

p; CM & 
in 

Q) fe .""• © Q •!-- — o © o P © Q> •> ,        ,'l*"^ ,. n . <» i- Ö « Ö. « ..o , o »    .«• o o 0' '« « .  *- 

ö
h
d
u
ct

i Q © o- o p p p © © o © © o © o p, O 

0£     P s CO. s? sp sO ©; CXi so 3 o m KS in f<S ÖS 
o *••" .1 c>- '^T- so. •fct 

•5. 
© res sO o OS CO *-» 

s3 K* 
Q 

•4— 
o    H) s> ••tü- •^ 

PTN S3 CO. f~- CO in in iA N> K\ 

o «) ._.   -- - XI 
JC 4- c 
a. •s~ —f  <0 10 c x> x> >-x:. XI X! X3 X) a> *m_ -- 

a>. L. 1_ «>   Q. 0)* i». u V. i- ^~ L. e. ,<0 (D a>  to N   0> <0 « «D >» (0 (0. 
r»-. XJ •o •L.   O o o —  c W) x> o T3 a .   X! O •to JZ XJ 
<0 C C ' o JZ o •O ' • o o o c o c O' c o 0    O- c 
0) 10, (0  • j.- a o o .-   O ^ o (Ö o (0 o (0 o. \.   V) <0 
L. •4- 4- i_ p © +. — ir\ o •«^ o 4- © *- .© o o •»- 

t-; U* trt H X?- r— (0     T~ CM p «> •'V>- V> — ,c «s 
c '« ••- i. a. 
RJ 

* 
£M • •* ' 

(0 

Os 

CO 

-3 
/TO 

CO 
••m 

•5- 
CO 

» 
0)' -* s - '* » s it •B •— u. u, u. U- 
O «0 «3 <0 <a 10 (0 5) s. i. c 
L. x; x: x: x: x: x: JZ l- <1J 0) (0 •• O > ©,. ö Q • O 

>3 'lf> v> <n to (0 (0 to 0) x: x: > i» L. u L, s_ 
a L. k. L. u t_ - u t. J£' (0 (0 -^ u L. L. L. i- 

w» !0 <0 S) (0 10 <o «J <0 •«• »— >>. a> <D 0) <U Q) 
. a: X X X X X CO k. u. <ß u. Ü. It. Ü- Ü. 

0) 

o KO t— CO — CM sO 
O a; CO o «M. a> z CM CM KS K\ m tn 

-ct     in    so 
CO CO OS 
KS.     tn     {<% 

c^- in IXS CM ON SO -Zt 
(Ts ON m- Os CO Os 
m NS N\ KS KS KS KS 

HORIZONS    INCORPORATED 

RESTRICTED 



cwauäaw» 01-.,—.      wc- 

4i* — 

RESTRICTED 

^•rm 

0) a> 
Ü 
L 
3 
O 
w 

3 
0 

t)*w 

4. 
«J 
> 
6 
O 
li 

»K 

</> 
•a 

***. .<> 
X» 
0) •^ 
3= o c «** (0 

+r. >fl» 
•c •«- 
0 •fci 
o L 

"*—» 0) 
a. 

f- 0 

'! £ 
.-J 

5" > 
*-' 

•*r 
O 
3 

X) c o. 
ü 
O' 

J-J, 

0 
SS 
13. 

a 

es 

o F
1' 

Q 

« 
O 

{£ 

i» 

1-4 
BKM 

CO 
KM 

•o ' * 
o 

KM 

o 
UM o 
© 

CO 

© 

|,o 
cvi 

UM 
o 

o; 
UM 

o 

00 o 

' UM 

c 
,a> 
E 

4r O; O 
(0 O o 
0) ü o 
i. ü O 
K- "- ~ 

UM 

fl) 
o u. 

O 
L. 0 u 
3 rU k. 
O K. <B 
m    • 0 U. 

U. •• 

KM 
KM 
•o 
o 

00 

o 

10   </> 
c  o. 
CO i. 

-7     O w o 

< 

o 

8 
KM 

u 
3 o 
x:: 

(0 
X* 

o 

ä> c 
O o 

:C 

C 
•L. 
O 
ü 
.3 
O 

o 
a> 
U) 
3 

» 

c 
0) 
E 

to 

C 

o 

•«•• 

o 
<<0; 

n 
o 

o 

c 
0 

Q. 

(0 

a   a 

3 
X» 
3 

-UV 

u. 
a> 
a. 
B 
•o 

B 
Q 

9) 
tf) 
(0 

ÖD, 

•C 
•0) u 
3 u o 
o. 
•c a. 

cH II 

•Q       ~- 

x: 

XI 
3- 

<i> 
-(- i e 
«J   O 

a. 
as 

Z KM 

CO C- a> <JO 
KM KM 

<0 

o 

RESTRICTED 

HOB;SONS  INCOKI»ORATEO 

I^._--WW=-JJ- gWHggf^u^^wyjj^Mi ^'^"l-llj;-^V""^ 



ss^siemeaf^maeBmrsKlvBaasssaiSSSSSSSeBSSSSSSS! 

- k$ - 

RESTRICTED 

J*'>*-Ä*B<*-*i/»/K^h«. 

CO 

LU 

J! - o o Q o 1 © 
.-»{' .d ö UN © ys 1 3 m O £r' 

- - _• -l;- j ISS e*L Ny *** 1 NQ CM T^ 

"-  -.   *' •  - 
© 

-J| 
P IX\; sO 

Ö 

3: 
P 
CM 

'8, 
CM 

© 
CO 

O 
o 

NO 

© 

at 
üN NN UN NO ' '»- ON 
eg '          J © 
CM «w» 

m ' 
CM 

CM: 
6 

O ^i 
CM CM- 

©• 
CM CM "•©.' 

'o 
0Q- 

o NO, i s z O o ,©,• © 
0> 

'"7T o •UN. 

•L    o 
o   0> jQ'i 
J: 3. «J P P 
Q..QT 4-, o Ö. -Q .« p Q 
10. «rr •n I vO VO -4-: 

r-* <h O' '« © O o- © 
o c ,© •o »•. 0 c p «w P . t-- CO CM 

,.C  JC. 

o 

"^ J 9 © o O 3 -^t CQ 

ON r£\ ON Oi LT\ NO 
& 

_ K> CO 
.    ^O' . ffN. _^ c-* CO ts- CO p UN ON 
(0   i- .ij Q o © O Q © o •Gf: <-"*. ,     *"" 
0)   (0 a    , 6: '•• 'ft. • • Ö, • ,;». "ft « ,»• O 

,U T> p P- p p Ö © o © Q © P 
3   C " "* 

•*-,   «J. 
* *r 

*A  Ui 
3S- 

PJ1 8: o> 
•A 

Ö 3 Ö 
© 

UN 
O 

NO i UN 

o •?T '••• 
•o 

(S a» 
a> i. to» ON, !>• NY 

^ 
CO CM o re» Qi U> 

•-i  ro CM S © 
•Lf\ 1*^ U\ LfN. UN, NO UN 

.4-   Q. ö° I O o © o o o p o P 
I-   <U « ,© ••- 0 -« o « « • '* Ö 

*& 
© o ©. © o © • o © o p o 

o 

^l 
O 3 vO ON 

© 
CO- ^ 

CO 5 CM. 
CO- 

p 
o 

>   36 
•-  «J  ' 
+5    SZ, 

.•    -3" NN N\ CM CM NO -3 LT\ CO CO 

•^ ON «ON. :K\ ON CM CO UN ^r ON UÖ 
o <r> NN NS ,NN CS u> !X\ NO NO NO CO, CO 
3   C a j O o © o © © o © ,Q, P •© 
•a <o ?"!•'       !' ' b \ft o 0 0 o '6 . ft O « c 
c X 
o o -a 

P       1 © © © p © © © © © P © 
, 

o c 
o "    l o 

•   9> ON 
o 
3 iS ©^ 

© 
NY 5- p CM 3-' ^2 

0. 
o ^?" N\ rr\ •NN C-- -d- NO UN ON ON 

U W> o © o o O o © 
L. "O u. CM o P "o o 0 .© • « >o 
i« o , •o ,©- o b o UN UN u> UN © UN 
a, Ö © UN tTN CM CM CM ffN' NN UN C~- 

+-  UN 
C ÖJ 
& CM 
Ü CM ON cp o O P p O o o 

NO 

o o 
<2>   O 

, 9 
ON 

O 
ON 

o 
UN 1XN o txs 

o 
UN UN o u\ 

0 
UN 

a. z ON ON ON CO CO c^- t^- NO OJ 

CM UN o K\ 00 LP\ -4- NO CM 
)      -i   O t^ t- NO NO NO CM UN UN CM CM 

a. z NN KN NN MN KN NN (>r\ NN NN KN KN 

e 
0) 

o 

/IS 

.b 

'© 

•o c 
<y 

a, 

RESTRICTED 

KOBIXONS    INCORPORATED 



Light   Intensi ty 
Foot-Candles 

80 

1:50 

2?0 

580 

700 

TABLE 9 RESTRICTED, 

Effect of Variation of  Light  Intensity 
on Pulse Current and Rise Time 

TPhi^nor~l^ 

Pulse Current x to-9 

5 sec-'1 

N    ..            . . :R;. 

Rise time 
sec»-'1 

N. .             ; R. 

IQ.Q                0*0,        - -        .24     ;    2.0 

jo, 0               2I4.Ö 25.         30 

18.0              ,   20» Q ''.".; 4P      24 

20..0               5©v0 40       24 

2 l.„0                   ;52s0 4p .     '60. 

25.P              57*0 40       60 

26„o              6o0.ö 30       60 

NOTE;*,   Less than 20% of the phötpcönductive area Is- M ruminated so 
that fpot»candle vajues are entirely ireiatlve. 
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TABLE  10 

Pulse Current and. Rise Time 

RESTRICTED 

(, 

Phosphor 

2225 

Pulise Current x  J.Ö-!-9 

.2220 

2200 

GE5JG9 

!l 

,2210 

2M? 

cESigö 

It." E- JL !L 
9       19 30 30; 

9      402 30 102 

4      IM 3 5? 

1 25 I 

9 68- 5 51 

1 7 23 23 

! 49 i4 43 
o 0 0 0 

i 13 5 18 

i 2: I 6 

0 0 0 ö 

0 0 0 0 

Q 0 0 0 

0 0! Ö 0 

0 0 0 0 

R.ise 
sec^1 

Time 
!    •     . 

fc 

4o 24 

83 34 

24 34 

20 13 

20 6o 

30 3Q 

30 6o 

0 0 

3Q 248 

4o •22: 

0 0 

0 0 

0 0 

0 © 

0 0 

HORIZONS    INCORPORATED 

RESTRICTED 

, „   ,^T«?^r.«wr .„_—.-       _w    -^«5 ,»U^««?^^^^^-W^t.^-**'R,M''W'Wl'ä"«« 'ff*«W-«»*f»J 



gjatfrryyaHTWirtifWj^^ 

•m 

RESTRICTED 

6 

h- 

±_x 
1 \ 

0 

\ 

i/12. 

S 
N 

Shutter Closes 

2/|2 3/S2 

•*• Battery Nöp.nna»! 

—'-    Battery Reversed 

ty\z 

Phosphor Növ   i 5Gi|. 
Pirate No«,   16$ 

FIGURE  I 

QURRENT VS.   TIME 
0F  PM.ötßCDNDUGTÖR 

ON   ILLJUM.INATION 

HORIZONS .IM3ÖRPORA.2ED, 

RESTRICTED 

**+t~*Wty**&! 



*ftjp*t+* to&K*ii*mr**ii*H-'<ef»—' »—i*/"*^*-- 

c 

c 

t„sec 

RESTRICTED 

Battery Norms.! 

Battery  Reversed 

phosphor Nob 2225 
Pl-a.te No*, 02 

FIGURE 2 

CURRENT VS.  TIME 
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TENTATIVE EVALUATION. ÖF THE FACTORS AFFECTING 

THE ELECTRÖGRAPHIC PROCESS 
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PREFACE ' "J 
.^*uw«aW.'utuM-«,y»«WÄ. ,-ämrp^.&,?!=*i*i*.(^,*M^^fria&^*it&vs„ 

A tentative evaluationof the factpirs affecting the electro«.. 

graphic process is visualized as. composed of three, major steps, lihe first 

step may be a phehomenjoj-ogjleai „mpdej of the -process, based .merely pp. models 

using the resüJ ts of experimentaf irieasruemeh.fs., and- attempHhg to corretate 

them with the electro graphic process, the second step could be an attempt 

to Sook into the process from <a, microscopic viewpoint*, this would form 

the basis of a so.tid state modet. 

The third step would then consist of. an attempt tp predict,, ön the 

basis of the so4ld state theory,., the (materials arid processes to .be experi- 

mented with,, the foil lowing notes are a first attempt to lay down the 

foundations for the first two steps, primarily in connect ion with th& 

exposure process, Thay :are,  divided into- 

jö Phehomenological models. 

A>  introduction 

Be Simplified equivalent circuit 

G.,. Rise and decay of equivalent conductivity and 

dielectric constant of phosphors,. 

SI, "Solid stgte models - 

!.. .Pheno.mehol-oqica'j Models . . 

A. rntrodugtiori ' 

Among the three major steps of an electrographic process, "prepara«? 

tiön"', "exposure,"' and "development," the second, exposure, appears to be the 

most sionific'r'vt; and will be the first to be considered.  However, the 

development will be now briefly analyzed In connection with <?xposuree 

R£3TRICTED 
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•1.1. 

»vaWjn.bJCfK.fxl ^fiiLII&ES^^ * cet-tauln ^istrj^buHon 

of sparges end potentials with respect tö its back electrode* . It w5|i. 

by the aJm of .the study of exposure to determine tbe nature.of the dis- 

tribution of charges.» The question how Is what determines the...efficiency 

qf development. Consider the pi ate under development (Flg.. I,.) The 

phosphor is still undergoing a decay process so that its resistivity Pv 

and dielectric constant £', ^ will not be the same äs their initial values, 

^ and €0 before exposure,, "•","'' 

O ,<ij.,,.;mmfi'* m I-K'II 

f-< 

exposed, area » I 

V    V-y*.   ' 

«jt ^iüUfi *T 

-<?' 

Ft©* .1 

the resistivities (% and {?, are very high, so that they may be considered 

äs Infinite during the time -of. development, for the standard development 

process» one may now ask whether the, voltage Vj or the charge density CaV 

or what else is the determining factor for image resolution«, The potential 

Vj, and the density C?( are not, in the general case,, proportional to each 

other, since? , 
RESTRICTED 

HORIZONS    INCORPORATED 

ter*«a««S*V» -""» -"^fcrt.««* * 



-»r-gr •^r^r-.r"!^^--r''rt,:-fi^-"-^--^:~e~=- 

-IÜI- 
.•RESTOIGLTED. 

•: pi 

O 

The simplest way put would be. to reason that ftie charged, particles 

•W-!.1-1 continue to deposit on the surface until a!f the surface charges are 

neu fr a j teed, so 'that the determining, factor should be the charge density 

^(, However, there is reason to: feel I eye that the resolving power Is 

determined by the. different rates of powder depositiqh on the differently 

expose?) regiQhs on the surface, of the phosphors,, so that the resolution 

between two differently exposed points Increases, during development^ 

unfit the rates of ;powder fäll become equal. 

Th^is criterion: seems more satisfactory at the present time, but 

a complete analyses öf the development wilI be attempted, only when more 

insight will have been gained into the exposure process, At present it 

appears that fhe rate of powder deposition |s a funqfton of both voltage 

V|,; and charge density <cy« The rate Is probably mainly determined, at 

al:| times during development,, by the fTield between plates, and hence 

mainly by (vWj,.); However,, as time, goes oh and the  deposited powder 

neutralizes the surface chargess  both Vji and et,, wil 11 decay.,, arid the 

change of vj is directly affected by the decay of <Sj«. 

A tentative conclusioh Is,, therefore, that both e^and v,, together 

With: 6, have to do with We.  developments 

The exposure process will, now be considered from the viewpoint 

of determining G[ and vj,.» 

A phenomenolog veal description o;f the exposure process may be 

bas,ed on two starting points. The first is based on an equivalent 

RESTRICTED 
i ' * I"'"," ' • '••"• 
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yf^jfflyy^t-'.irgry 

O 

/ 

«i v- 

circuit,   I he second on a ggj;M stat<ymg<fct0 

a.  SJlmpl 1 f te/d Equjya-I eht &l rcuit -Model    - =•      -.  - - - --" 

The expo-ed unit area- of  phosphorus n-y b    considered equivalent, 

to p resis^anc*   In    -•*%• I I   |  vith ö  capacitance  (FMg,. 2«): 

1 r 

- I' .1' 

It we knew Independently how the resistance and the, capacitance change 

during exposure, we could set up an equation for the voltage and the 

charge appear 1 ng oh the surface, This Is- the welt known equation for a 

condenser discharges' " 

r 

c * 

EQUATION X?> 

where* in the present .case;, R and Q are given, functions of time». Of course 

phe would have to fee ca.reljy.LaboLtLthe^ evaluation, of :R and G functions from 

the experimental results» in the sense that one should make sure trifft 

generalized Ohm»s !<aw applies to the quantities considered. . Th.ia analysis 

should be the result of solid state theory applied to- the .phosphorus* 

It is interesting^ however? to develop an example of this 

procedure, Suppose we could approximate, for a given phosphor» the resistance 

and capacitance variations by means of linear diagrams (Fig. %) 

RESTRIGTEQ 
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gesTRicwß. 

—,} 

R 

e 
'A-"*ö 

R » Rm +    4'!Rii.' 
IHIII|»IH^<WJ|W 

C * Cm »   ••<9.Cjl 
A% 

f„'rom, + = im 
tö 

t      *    tv„ 

FTG,  3 

Let us consider the sl-mpHs case  In' which  both resistance end capacitance äre 

exctted in the same  tittle, arid decay  in the same  time,    the Maws pf v.ariat N>h 

of R and C are then  given  together with Fig.  3«     then equation   (2„) yields:; 

Cö <aCjQ. 

Ah 

* \Ro '**• "**T~ *4 'ff ^ ° 

EQUATION  3$ 

n- .AC» A** 
as   O 

EQUATION 3b 

between .%$, and tm 

between tm and t; F-8l 
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i,ef us spive  .{£$)- 

dq 

'   '  :• :     • - . : . 

• •   .       -   •..,    , ..- •-•'.'• 

•" '  ,J 

'Resrßrijc^Eö;' 
\--V-_ -       '_'"--_;..-/,..-; 

--"-'•• -' 

.-. "..'•.-• •-- •    -b 
biuvi>viw>:>.v«w^.-.<.MMH> aii^'W.U»*«uW/»VWfea»tü°My'**^tt -"• fct^rffet,nw»f» m>i fiit MfJiM-»*Mty»«Ugft 

V 
where  ( fö »•   ARO.      «* .Pesis.fahce variation ;?:h  ti,ine,. *>..+• iJfctro 

^0 

co *   j^'.&a.    « capacitance väriatipn  in t:fme     <fe*. 

with t^he  initial coridlHorv?  q. = qo. äkfc t « c 

Now« 

> 

in»»    i |     in,n»ii|i,«;- 

tr- #*)('+fe*> 
«wheres 

Integrating; (Aj.)s 

'%>: 

«-«        «$i 
.ft 

^C»   (cö±%). 

3.M* 
J •*. 

ffo   & 
^*tiflfc_ 

'To- ' 

.1 

£   ' 

"ZTe 

&<V('<Vi*-*>j 
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O 

(^ ) At t - tm * 4to * T*, 

'"46,"   ' 11 * ''-FO 

The1 corresponding vp;| •tade- v.. wh 1  be?        -     : 

;/   I'. A. Cp, V 
CO.   fl:.*  Cp^ 

kmm ion 
m 

and since \?o ~   ^<#£L 

Vm /  I. *  'CO'   .1.   -       '~; " 1 "li''1 •"••"/•• • "i-C'j •>; "•" 1,1 3 '%'_•""» 

v, i * co 

E§U&T i ON :(?).' 

on 
1©,g   _ Vm " 

Vo 3   •^p-    «  log. (,l  * co) 

€0UÄT1ON   ^1 

Both charge and voltage, decay, since a%:[.  the -right hand terms are negative.» 

"t^ »RoCo, the  time constant' of the- phosphor In fche dark, must <be 

as Jong as possible so that the phosphor charge will hot decay substantially 

in the time Interval between polarization and exposure«,  ?h any-case TL,  |:s 

much greater than TV* and (to  + ro) is a number greater than- i., It Is 

therefore Interesting to note that the voltage variation during the first 

time interval to        is greater than the charge variation,,, and that the 

variation In the voltage is almost exclusively du.§ to the bui|d up pf 

dielectric constant (or capacitance) - From (t •*• tm) to (t *"t| ) the 

solution-.may be obtained by Substitution of the symbols fpr R and -.£,, 
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sine© the equation Is the same* the Result »?f 

jREsygtMeo. 
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ft EU..ife# 

'&£*  f ^-frt^f ;       ' ^tyy.e.en. t*n and',% 

I O 
i!3 

Wheres :fj     w 

Rm > it. 
Gm -|, CT.- •• 41 K    * decay- tim©r .and-- 

t* (fr+nr)   is  the time feeing, counted from tra,, since    q must be equal   to %)-** 

t * im; (t.   *» Oo).     It  Is how, more convenient to .use the ffa^tlphaj 

RJ,    * !"'"'*»sft~ » si nee then r«  - ro end c.i   = co !=n the ess e of 

phosphors returning completely to their original cc-ndiftions  (Ri, « Ro|. 

pj: »Co..)    We haves. 

Hencej 

«#•• 

MCM iiirni 

•3- 

Wri WJM>I    jy 

ffo*#'fö, '    Iwjjy 

4* £ 

JL ti/>-Cj/-     v:^ 
•^««SwAo 

•  /~r,      r^'^/ 

EQpwr ION C9;} 

$ >n Z4« 

%*ft^JiL Jfc'/.   \ 

and. on   log scale,   at  t  «= tj/t 
EgUATION, (10.) 

£?i~ •»     J2r 
w» 

/-•   ^ .... 

•EQUATION' ( H ) 

EQUATION  (12) 
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Therefore,  both charge cfid vottage increase again,, the  latter 

.ifiorrs Th^h"t-he former» -Here again  "EJ  is The' dec^yvBtne"of' The phosphor       ;.   ' 

in this idealized case, and RjjC.,, « £L Is -the time constant in  the dark 

after exposure« 

lei us consider finallythe overall  charge and voltage Variationt 

2o 

•<XlW:. M**- **: 
ja= 

*U * &, .i 
'-EQUATION i-!30 

1 / 

.^üATJöN ,(:il4   • 

these formulae indicate, that the"charge and. voltage decay during the f Irst 

period ^ Is followed by a .phargö (voltage) rise during the second period 

tyc  the relative importance of the .capacitance versus resistance 

variatIon may be 'best evaluated in g.pecif'ic cases». 

It may be rigiieed that the rejätive magnitudes of the decay 

timeT0and Tf bear a direct effect on the gvera.M decay and that a small 

relative value of "tf  is desjirabie,, if the first term: (decay) is to be greater 

than the second (rise.,) 

v 
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However,   ft should be kept   in mtnä that this is only a hypothetical 

**i5^eW~^tHföa^^ point  to examine; 'the? pöSäi^l'j? 

aetua.4  decay curves for R. anü C,     __. ".',..- , -"".'- 

G.    •R.l.'.s'e.:ä"r>d-.6ecaly öf /Equivalent Conductivity; and t>lei.ectrIc'Constant 

of -Phosphors • •"-"•. 
..•,.......i-—•  ...1,,)..,.^-^. .<| ._--... -" .     '    --    • 

Soif<e of the conclusions and-hypothesis pn conductivity and 

dielectric constant of phosphors may be summarized as presented mainly 

'bf Garilck (Luirifnescent Materlols,) Garl'ick and Gibson (Proc* Ray. Soc, 

why* A m» itss,:)' ; 

In the band- picture of phosphors,, ^impurity centres',1' impurity 

atoms ör  ions are dispersed in the lattice, and; "electron. traps11' ar® 

potential defects In the periodic field of the Lattice, the exact nature 

of the traps Is not known* but there is some evidence that f tosy are associated 

with the neighborhood of Impurity centers. The heat treatment during 

preparation affects, the dispersal pf l-mpyrl'ty centers and also giyes rise 

to traps-.  The number of effective traps Is about the same as the number 

pf  luminescence centers,, 

The- cycle of excitation Is briefly as follows» electrons are 

excitedfrom the uppermost filled band of the lattice into the  conduction 

band, and from this they decay either into traps with no radiative emission 

or bapk into luminescence centers with radiative emission«, The trapped 

electrons wil I then be thermasl I y excited into fhe conduction band again 

and will decay with radiative emission into the luminescence centers. These 

had been previously emptle'i since their-.electrons had-fallen info the holes 

left by the excited electrons of the f 11 j,ed band. 
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However, }f should be k9.pt i;n «Ind that this, *;s only a^ypothetleal . 

model? i'f'iffa'y be mprg; useful tneT»at this point fo >«äm.Tna. the'ppgsj^rf.,./  , 

actual decay curves for R and -C» 

C* ,R?ss .and Defray of  Equivalent Conductivity and Dielectric Constant 

of, phosphors . '       :\      ,'.,"'";•'.•'    - 

§6i?i8 of the conclusions arid hypothesis on.-conductivity sind, 

dielectric constant of phosphors may p© summarised as presented. njä,|;nj'.y    ,.. 

by Gar lick (Luminescent Materials,) Gär lick and Gibson (Prpc, Roy. Soc« 

•I9Ü7, A 188, 1485,,) 

In the band picture of phosphors, "impurity centres,* Impurity 

atpms or lörtt are dispersed In the latticej and "'electron traps11' are 

potential' defects In the periodic field of the lattice,, the exact nature 

of the traps is not known, but there It. some --evidence, that they are associated 

with the neighborhood of Impurity centers*. The heat treatment during 

preparation, affects the, dispersal of Impurity centers and also gives rise, 

to traps, the -number of effective traps, is about the same as the number 

of luminescence centers. 

The cycle of e. citation is briefly äs. follows; eliefctrons are, 

excited from the uppermost filled, band of the lattice» in to,..the..conduction 

band and from this they decay either into traps with no radiative emission 

or back into luminescence centers with radiative emlsslpn«, the trapped 

electrons wi I S then.be thermally excited Info th^ conduction band, again 

and will decay with radiative emission Into the luminescence centers. Th?se 

had been previously emptied since their electrons had fallen into the holes 

left by the excited electrons of the filled band« 
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During fthis process,, together with; emission of r&dla+lön, the 

qqnductivity ana aielectric constant of uhe jphosphor undergo a rise and* 

decay .prpeess,,. generally ending wjifr  values? other than their original 

ones.  It is .Important that the- variations in conductivity and dleleetrlp 

constant he defined strfotiy in connection with the method-by which they 

have been; measured, "The experimental setup pf G§rl i-ck and Gibson consisted 

of an R.Fi, psc.il|ator in which the phosphor was the reasphatlng R» C 

eifrhent? f beo p.hps:pbor was considered asv.equivalent to a capacity C in 

parallel with ä resistance ;R;$ the G variation was measured as- a change in 

reipnaht frequency, and the ft as the Q pf the phosphor condenser« Thus 

the R represented the equivä;|eht resistance and included all the losses. 

Since thi? RC model has proved to he convenient for a quantitative 

treatment of the exposure process, this operative definition for R and C 

wit! be maintained In the development of a phenpnienplogical model for 

exposure;. 

As a consequence,, it may be necessary to: repeat Gar! JcMs 

measurements^, with the polarised phosphor .» as prepared for electrography» 

Thisi point will he referred to later«, 

the dielectric changes may be due to electrons In two different 

cpndl t ion.ss 

a,,); Conduction e;iectrpnsc, if they are subject to suitable 

constraining forces do not move in< phase with the field«, 

b), trapped electrons, (binding energy ©9I to 0o8 ev,| whose displace- 

ment is not in phase with the fields this phase difference 

would be a maximum at a frequency close to the natural vibration 
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of the filled trap« 

»Gar=f iek—shöweä•1t-ha-t^t-he-second-con-fributf.önH3~±ht''mos*•irapprtaT)tt^t^S'"b-3iS^;; 

experimental  proof of it being that the decay cüfve of the dielectric 

constant Is parallel to the decay curve of trapped: electrons.. From these 

assumptions it follows that th«dielectric changes are, expected- to be 

affected by the for lowing factöfss 

a.) Number oi trapped electrons (hot fe 10''® ,/crß'Jj 

b) Trap-depth distribution 

c). Relaxation ttine of filled traps 

d); Applied field' frequency 

e) Temperature and" treatment 

Both dielectric changes and losses hetve been measured and the experimental1 

results are In agreement wlth a. theoretical model developed by Jfturphy and 

Morgan, 

The variations in the equivalent conductivity miay be due also to 

electrons in two different states, namely« 

a) Electrons in the conduction band 

jp,) Electrons In traps 

The second ca.use o,f 5n~phase current i.s proposed by Garl I-c'ls In 

order to explain the Increase in loss with frequency of the applied field,, 

The trapped electrons are capable of absorbing small quanta of energy from 

the field* This would in turn require a large number of closely spaced 

energy states for trapped electrons* and hence, a large tr§p diameter,, 

Gar lick states that the large increase in dielectric loss which occurs 

when electrons are trapped may account for the large initial currents 
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measured In photoconductivity experiments.  Im this case It W hoi 

necessary to assume "that the ^primary* photocürrehfc is due- to conduction 

electrons. Gärlick's Conclusion oh this  subject is; that electrons in 

the conduction band of a phosphor dig not make significant cohtrihutjon 

tö photoconductivity and to dielectric charges at ordinary temperatures» 

This statement seems fo be in contradiction with the genera? Iy, accepted 

opinion that the primary photöcurreht is due tö eleetrohs moving; In the 

conguot ion bahda These two vviewpoints may be recohci led by peeping in 

mind the öperatiöna! definition of photpcurrent ih terms of relative 

conductivity change that Garillck probably had }h mindi 

In GaHick»s experiments >the photOcurrent^ or inrphase'-c.urreht,. 

is provided by the external oscillating source.  ;|h measuring photo» 

current only a D.e0 voi tage is normally used,, or the phosphor is ;pre- 

polarized, as It |ss. the; case for electrography*,  in these last cases 

there Is a rapid variation of the internal electric, field oniy during 

the fast rise period| this variation is due in the first case to the 

Internal impedance of the source,, in the second case to the voltage 

decay in. the phosphor Itself, 

Therefore^ the equivalent conductance during the rise period 

would be roughly equal to that measured with an A0C, field whose 

frequency is such that Its rising time Is equal to the rising time 

of the photoeurrent, T:he decay time is relatively large and the field 

may be considered as apprpX;Imaiely constant. 

Äs for the decay of the photoeurrent^ It may be associated with 

the escape of electrons from, traps and their subsequent return to the 
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unexcited state v|a the conduction bandp 

It is now prof liable to examine, the mature df the curves of, 

rise and decay of equivalent conductivity and dielectric constant during 

•exposure of the electrographfc plate, on the basis of Garlick's results*. 

From these, If is not possible to deduce the rise curves for conductivity 

and dielectric cons tarnt o;f the excited electrpgra.phic plate,-. However, 

the fQrmul-ae „given f-of Ay   g.  variation t-a dielectric loss ofyäkJ far, .. 

conductance %  and Ä&-9  variation in dielectric constants show .that they 

are Imtlmateiy connected* Ay being ä function of •ö€,».nd frequency?,' It 

probably is not too far from being true to assume that pXa,x\6 £)£rrise ' 

together and In the same tlme0 This point, however*, would deserve 

©xperil^htal, eheck since a, difference in rise time may have a sensible. 

effect on the overall char gö deca;y0" 

As. for the decays, these are given In Garlick (Fig» 76)« T'heSe 

dfecays seem to be completed In the same timej the s lope of the dielectric 

loss change on the jog paper is smaller than the slope of loss change» 

As a conclusion, the representation of P  and € by means of two 

straight lines äs given i:n the previous section may hot be too far 

from reality,, Such a representation may be improved by assuming for 

the decay curves functions of fhe  type.« 

Ae* If h* 

A j ****** 
where according to Garlick the difference In siopes should be n«»m«d 

(Garlick, page I36), The part of rh@  previous 

treatment relative to the rise period would then still hold» For the 
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decay period,,   let us  then assyiiie again that both resistance and capacity 

decay  in the same'timers.    Their expressions w?j $   then  be in-a more 

genera:! casve  than theft given above.*. 
j -r - 

. ft•= 

-    .^    'IS 

!Pi«> i?iv 

.F? 
Where   %*>-       |;s the maximum 

conductance and .iSiPts. the 

conductance varlattphj  hence8 

<0 -im  jL-i 

1 

•*£** - 

•4$ 

F»SV U 

Hences. 

and,: 

'•' %, 

JL 

SB.' 

—v «w*Ji~rti t*WW4>*iiiJl*i(Vi»*" — •>•** *v 

^,.-^3^7   (f/^y      between £m and  tj   where n  is. also a number 

p*X     and such that m<h.       The charge equation   is then; , 

T "       C*'~ ÄC>(t/-c,) m, 
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This integration may be rather laborious In the qenerat_case of m and rt 

integers,, iet us try With m » z and n « m*j »>  3«. The result iss 

Were.;  £W£v>fe  . -       M        \   : •'.*&$! 

the overa-M charge decay may be pbtalned by putting t « L. 

iff this calculation is correct, :lt seems off hand th;a,t we car) negi<|et. 

the |h terms with respect «to the first term, so that.« 

This resu:| t would show, that the charge decay during the decay 

ti|We. Is the most effective, the 'greater the decay time and: the cphduc» 

tivity change, and the smaller the» dielectric. constant changei. Of 

/ i     course th is treatment would not ho Id for zero dielectric change,, 

If then we ,put together the results obtained In the previous 

paragraph for the rise time and the present result, we would come to the 

tentative conclusion that the diieleclrie. change is benefjciai to, decay 

during rise time and hpn-benef |ciai d.u.ri}hg decay 't'ima. Q"f. course, 

tnpre detailed evaluations cputd be attempted for specific cases9 

l:n any case, before trying to evaluate for a specific case,, 

the mutual, effects of dielectric constant change and conductivity 

change, one should first find experimentally the  variation of dielectric 

constant charge with |.i.ght intensity, or exposure.  In the case of a 

ZhS~A phosphor, Garl ick (page .1-32,"Fig. 73>$ reports, that the dielectric 

constant is, on th© other hand, proportional to the intensity of excita- 

tion provided that this is sufficiently small (Garlick 1-23)L Therefore, 
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In the  case where the: dielectric constjnt charges were saturated well 

before the conductivity change within the exposure, range ¥ö ,6e used in 

eiectrbgraphy, it is possible that the ,d5electric change would have a 

different importance at low. or at high exposed sifes o,n. the piates* 

IS Solid State Model« ..---,- .. 

the previous models were based on the cons fder at ton of the 

phosphor as a wböte, and disregarded -what adtuaijty.happened inside the. 

phosphor. They were legitimate only Insofar as logical deductions, 

from the experlmfentäM: results were mädfea, Ä more ambitious' plan would 

be to  consider the Internat processes, in the phosphor during, exposure» 

this might be attempted in accordance with the foil owlng. For a given 

intensity, during the time of exposure* rad.iation penetrated inside 

the phosphor only to a small depths. of the order of the inverse of the 

absorption coeff ieisnt», So one could, write for the light Intensity 

and depth x    s '31 «•I.ö <2 ^"ö, {J4^absorption coefficient)',, The 

problem could be treated in one dimension,. The nexf  stop wouid be to 

establish a relation between conduetiyltys dielectric constant and" 

light intensity during.rise time äs. a. function of depth. The same 

should be attempted for the decay period. Once the functions ^fx v? 

and €r/y^r\&rQ  evaluated, one could write the field equations? 

Where E Is the electric field, <«fc is the amount of charge-freed per. unit 

volume at a depth at time t<,      Furthermore 

(l) and (2) are a system of partial different equations involving the 
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pöördfhates x and  to     If soluble*  they would: yield E  (x.t) and henee 

V-'i'(;•*»''*%. Wi Voltage r#|  ffte-0u^f*c.eo;     „ 

However,,  before  pursuing  this, method,*   It may b© better  to have 

more definite data  from the  pfrevlpüä .method, 
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NOTES- ON: A pCRÖSCQPlC TNfcQRY OF 

• - A..- ine ö.uaö^um Yield      *>  •---•.- --  --*• •"'- "  "'•'" * "" ••   . " 

In 'Appendix j the possible alms of a theory of eloctnograpriy were 

defined and the methods of attack dlvded jf:n.t,b two major -classes., .one. lading 

the .macroscopicp or •phenortie.nolögTca.j theory, based $p  experimental , 

evidences and the second being- the atomic or solid state ^theory«. 

Th© following notes wl| l be mainly concerned with, the correlation 

of experiments and the problem of eleclrOgraphlc speed.  It has been 

reported elsewhere (ßa.tteile Reports on ''Continupu? Tone. Electrostatic 

Ei ec.trography");, that the speed depends primarily on the quantum, yield j, 

i .©„.,. ön the number of electrons freed per each quantum of radiant energy«,, 

H  has also been hlnt&d that a yield much greater than one is necessary to 

obtain high speed electrophotography. These conclusions were based on 

estimates on, the number of quanta failing, on the unit area öl the .plate:, 

on. the piaie capacity and on the desiredI decayi Clearly, if thg increase 

In photograph 1 c speed did depend, only on an, increase in quantum yleId, 

only the col-lection Of Information on &n "atomic" theory COM Id be useful 

in-giving hints as to the search for high speed, materials. In, such ä gase,     • 

a "macroscopic" theory could only determine the besit operating conditions 

for a given phosphor» However, the hope of increasing; the speed by dey-       '< 

elo.pment of new techniques is stili worthy of exploration so as to obtain      ; 

an i ncrease in speed from materials having the same quantum yield;  It hgs    ,,; 

been reported (Batte-I |e jx) that the reciprocity law is roughly observed, 

but not completely, since the product intensity x(tlme) is constant (n-1,2 to\J±)  , 

for equally satisfactory pJatesA In the range between f/25 to 100 seconds« 

This means that for Small times of aperture, the intensity required is higher 
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times smaller than 1/25 this |-avv is even less observed* 

In connection with this fact one may argue that the quantum 

yiel-d is not the only factor affecting speed, (in conditions of optimum 

preparation and development d:f the .plates), but there is some other factor 

involved, such as the lifetime of electrons (or holes.) For example,. 

It may happen that surface electrons, excited by the light quanta, be, 

retrapped in the bod,y of the phosphor before reaching the kwk  p>a<te and 

tiäviffjg their charge compensated by s .p^o-it'Ive, charge. The degree of 

retrapp-ing. mjiight depend on the number of freed <e:|ectröns., so that at higher 

intensities., the cloud, of retrapped e I ectrons "would- t>eres,pohsibi;e for 

higher residual voltages .(less effective, decay), than at low intensities, 

{ } this modef (and others could be imagined) shows »that possibly a  better 

use of the electron?*, freed by Iight may be made by means of improved 

techniques. 

8. The fcharge De.cay During Exposure 

The current diagrams described in Report iyp, 8 were obtained 

under substantially different conditions than those present during 

exposure of the photographic plate» An evaluation of these1 diagrams Is 

now under way. At present,, for the purpose of evaluating, the parameters 

of charge decay to a first approximation,, it will be assumed that the, 

current diagram during photographic exposure has ä shape simitar- to that 

of the experimental photoeurreht diagrams. Furthermore, it is assumed 

that the shutter aperture time in the electrophotographic process to be 

considered here, is of- the order of magnitude or (ess than the rise time 

V of the current, so that the current diagram will substantially consist of 
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a steep rise to a peak väfve foriovved by:a slower 

The phosphor^ will   be eonsi'dered equivalent to a res:ist|hpe tn 

parallel  with a capacitance Tn?Halfy 'ch^e^'an^'"^-'^»^«*'-««^»)-'!^« 

during exposure wii I  be ascribed  to a change  in "both, resis.tah&e and 

capacitance,*      The current diagram wouid be. simitar to the conductance 

diagram if  there was no change  Jn capacitance:».    For  this 4pppQximat-i.on» 

it wiii  be assumed that, bpth conductance and capäc.ity•.diagrams, axe. 

approximated :by two straight   lines, .and that the rise and decay times .are 

respectively equal   (as justified   in Appendix   !>. 

O 

r• 
*r~   . 

£ 

F-    -. 

TA* 
t« 

Xfr—Vi—** 
_L_ 

€•*• 

ng,  i 

* This oroblem had been treated in Appendix le The present treatment 
differs from the previous on© in what conductivity rather than resistance 
changes are considered, and the effects of both changes are separated 
and compared«, 
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it  Is now convenient t.p tr» at! separat*»'!     *he following case's of 

charge d^ay.     f,| 6 yarfeHpn ~^ |^;£ varT^tTpor^^Jö Variation .".antf '* 

0 variation,  „    ,'   7 -.. .•-•','."-- '-/" 

,   Let us then represent  the' conductance and; capa,c? tance variations 

....   0s föMpwst ..     ,-..„-.,".. /"•'•-• 

V©, .fein -    . ' 

S * 'Go; +4%' *^% £   * 6© (•  + tö 7 Si; .g. )'-' 

where.*  ge « iTga .     |      • g,( 

analogously for the capacitances 

4^ 

0 • Q0  (I  + <Sp    t/*B5' rise 

C * C9. (I  + c0 » e.|     t/tj ')/ 

where»: -c^ * *^— $   C| * www»    .«      r»..  an  iii-i )i n m  C9 ''.I: •     «>.," 
.,0'    " " "Ö 

The. equation- *-p be applied in any case is« 

c    G 

with the  initial   condition    qf « q©. 

.•.!.'.')   .6 varies,    I    C »...Cn...» Iconst„, 

The q equation  is integrated separately for rise and decay,,  and••_ 

yields,»; - 

In Q-r- w    ••      JEjL fj  +-R?  5) t  during conductivity" rise 
qa       5r«    *   • 

qro       /#, *•  ^w  2     • during conductfvl ty depay«, 

where ^i> «? f&  «?•• dark decay constant 
•P! 

\n the case when «the phosphor comes back to its orig.inaI. 

conductivity g    g0 «vgj, .*,o, t  and the. overall charge decay ?s« 

so    m>     « 

Sr)j   C varies? G «= 60 m. const«,  This of course is a purely 
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hyppthetteal case 'but its treatment wf if be useful  for comparison pyrppses. 
.i «*fcwaawM^afcjr»»-jiJ«u MHHWTM^TTJ»»^.*'»^—myito«wi »•ofmiH'J^W^M, 

in. ''this cäsei (. 

q6r * *"  ^^.   ,n *' * c°*     ." s      4ur*a$ capacftaOGe rise 
•"2» - ? 

,  flat       ;fe   j.   ,{»- * c« • ' 

If" * * ^%..  "T-»-^?;,, «  Wag. capacitance decay 

and fn the ca§e -Cp«»Cjj.»Cj the pwera I i -charge decay fe-j 

, {n 4*-' ».-• "^4Jv j-n fij G) 
%     . .- ^ ' •• ••-*..--.-,- .. ....... 

This decay would be much smaller than the previous one 

3) .1»^;J and jS, vary':  .Jo, this case one obtains 

InSFk.  *.„ Ä£ ?pcp -^L, ln (| + %)J during 6 and C H*« 

,n ft" * * f ( *** * {*£*-  - 9, 0 * ^rn <HU^ 
during G and G Decay 

(_) ,n ft16 oa^e go-gn *  g; :  <c0-c„*c j  fie overall decay is* 

This expression can be -impiif'ed further if one uses It for 

practical, values of ;g >> ^ and f, »^ and c * |.,.. obtaining* 

In^^ftW.   gf c (ru.ij »;n(,. 
•I*     u     v       v ' 

where it will be noticed that the effect of the capacity change is now 

separated from that of the conductivit/, arid that the former is composed 

of two. terms of opposite signs. To evaluate the previous expressions let 

us. consider the following example, wrich represents average values? . 

G ; » g = 100 |    <*—-   = C « | 4s- 9 -IPO,  4§ 
A pure 6 change would yields 

A pure C change would yields 

Mo 

MO 

vi^lTj 
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•the dark,,decay is Vn 4^ = « .   ^£~~ri< 
.- •';.•*   /.;-   :   '      ••   . -:    y:;   \   .     *•• • • •••'•: y ;**.'- - 

These results shpw tlta-t within the range of values of gpnductivl t-y 

and capacity changes given above, and within the I imitations of the present 

assumptions, the capacity change is to be considered as a disadvantage with 

röspept to the over»} I. charge decay,,, This conclusion is intuitively 

justified by the fact that an: increase In capacitance tends to keep charges 

frcwflowing out of the condenser plates, as it is ajso shown by the 

decay In the case of a change in Q  only, which is slower than the dark 

decay in the same time '('t^üP/i) .  Actually, the above decay formula 

shows that the C variation may compensate for the G variation. This would 

happen for a v^lye of c around |>5, for which the c dependent term In the 

decay vanishes. For values of c> 1.3 there would result a fe»ui,1 d up of 

charges rather than a decay, regardless of how big g may be«, On the other 

hand, § capacity decrease., rather than increase;, would probably enhance 

the decay. 

The reason why plates showing a relatively high, Change of capacity 

(in bridge measurements from dark to light,) had relatively good photographic 

speed, may perhaps be ascribed to the fact that a high capacity change is 

normal!y accompanied by a high conductivity change. This fact is recognised 

al3p by the macroscopic theory of dielectrics, which proves that both 

real and imaginary component of dielectric constant are intimately connected 

and derivable the one from the other by means of a common decay function 

(Frohiich - "Theory of Dielectrics" » Oxford 19J49, Ch» J.) 
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•Cfr., Ine carR Time Constaijfr • >  .    V 

The previous decay formulae show that, every other oar&friefer 

being, the same,, the charge decay is. Inversely proportional to the dark 

t?me constant«,  It wou;ldj however,, &© misleading to. Conclude that if one 

could obtain, by proper treatment of the phosphor«, a decrease In the dark 

time constant compatible with other requirements, then the speed would: be-. 

increased« A decrease in time constant wousld probably be accompanied."by a 

decrease In the conductivity change g, and it is obviously difficult to s.a^y 

whether the overall charge decay will be increased or not* Here again, 

if the reciprocity law for exposure .was exactly obeyed in a broad range of 

dark time constants.» the answer to such a question would be clearly that 

no change in overail decay should be observed» However,, it still is 

tempting to investigate further this poss.ibil Sty, For example, the reversal 

technique described ?'n> Report No. 8 may be ciassifled: as a, means, of 

reducing the dark time constant.  In factj Voltage decay curves given in ' 

this report prove that the effect of reversal is hot only to Increase the 

light current in G.R.O» measurements., but also to decrease the dofk time 

constant, so that the former effect may be, at least partly, ascribed to 

the tatter. 

To decide whether the reversal technique is a real advantage one 

should compare the charge decays obtained with.; a), a. pis** subjected, to 

reversal, b) a plate Of the same type of phosphor previously doped \n 

such a way as to obtain the same dark time constant as the previous plate 

after reversals From this viewpoint^ it appears that the only conclusive 

test (besides actual photography of course) is the measurement of voltage 

£ decay. 
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>;hä| teqhnl'quöSj, sych* 9ä reversal, fending to decrease the dark tw§ 

"constant may have practical appfjcation only if They coujd be used In. the 

camera i tse'jf, short i y beforeexposure,,  If ft •»yas possible to. apply a 

potent la I dur. fop,, exposure fl some inforesting possibilities could be 

Investigated, such as reversal a. the application of high voltage pulses, 

or'A.C.. pulses» The following, arrangement Is suggested for thi s pur pose ? 

U;.ght    ••.. 

I.     t     I    f   t conducting, glass 

transparent Insu.8ati.no coat 
phosphor on •e 9Jas* 

brass plat«? 

applled potential 

FTy.  2 

A thin slab öf conducting -glass Coated with a transparent 

Insulating coat could be layed against the phosphor plate, and potential 

applied during exposure between the glass, .and the -pie-he. 

"^ 

HORIZONS IHCORPpPATBD 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104

